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Trong dieu kien cong nghe, vat lieu xay dung va dieu kien moi truong a 
Vie: Nam hien nay. nhieu cong trinh hoac bo phan ket cau da phat sinh vet 
not igay trong giai doan thi cong hoac chi sau mot thdi gian sir dung ngan. 
Nhi vay co mot nhu cau rat quan trong la phong tranh va xu If cac dang vet 
nth ahat sinh trong qua trinh thi cong va khai thac cac cong trinh be tong cot 
thep Co rat nhieu nguyen nh&n gay ra vet nut doi vcfi cac cau kien be tong 
nhu do cuang do chiu keo kern ciia be tong, co ngot, tir bien hoac tai cac vi 
tri cac biet trong ket cau chiu ung sua't rat phuc tap lam cho vat lieu be tong 
thorg thuang khong du kha nang chiu lire, vi du nhu ban mat clu bing be 
ton^; cot thep, u neo cap ciia c^u d&y vang; cac moi noi quan trong giua cac 
dot i£m trong cac cau ung dung cong nghe due hang hoac lap hang... 

Pe giai quyet van d i nay, ngtrai ta da sir dung rat nhieu bien phap nhu 
cans; keo cot thep du ung luc, dung cac chat phu gia chong co ngot, hay bo 
tri cic loai cot thep dac biet tai cac vi tri can thiet..., tuy nhien cac giai phap 
nay khong phai truong hop nao cung co the phat huy duoc tac dung cua no. 
Bencanh do cac nha khoa hoc con tim cac giai phap de tang cuang kha nang 
chii luc ciia be tong thong qua viec thay doi mot so tinh chat cua vat lieu 
nay nhu cho them vao be tong mot so cot lieu muoi silic, cac loai soi... 

7rong cac giai phap tren, giai phap tang cuang be tong b^ng cac vat lieu 
dan» sai la mot y tuang duac cac nha nghien cuu quan t&m tren the giori. 
Rieig doi v6i nganh xav dung dan dung noi chung hay nganh xay dung c^u 
dueng noi rieng a Viet Nam thi day la mot van de kha m6i me. 

5ai duac dung de gia cudng be tong co rat nhieu loai nhu sai thep, sai 
cackm, sai thuy tinh, sai chat deo, sai thuc vat... trong do sai thep la mot 
choi lua kha hap li vi gia thanh re hon so vdi sai cacbon, sai thuy tinh va 
kha nang chiu lire Ion hon so vai sai chat deo, sai thuc vat. 

fen canh do, be tong va thep la hai loai vat lieu da duac ung dung rat 
rom rai, kha nang lam viec chung vdi nhau cua chung rat hop li va da duac 
nghen cun kha day du. Sai thep co the thay the ph^n nao cac thanh cot thep 
trorg ket cau be tong cot thep va dem lai mot so tinh chat uu viet. Cuon sach 
nay chi giai thieu ve be tong cot sai thep la dang be tong cot sai co trien 
von^ ap dung rong rai nhat. 


3 



Chutfng1 

CAU TAO CHUNG CUA BE TONG COT SOI 


Viec dung sgi de tang cudng kha nang chiu lire cho be tong xi mang la 
mot y tudng dirge de ra tir rat lau. Be tong cot sgi da dirge bat dau nghien 
ciru tir dau nhung nam 1960. Ngay nay cac dang ket cau nhir: dam, ban, vo 
bang be tong xi mang hoac be tong cot thep co gia cudng bang sgi thep nho, 
sgi polyme, sgi thuy tinh ben kiem. sgi cacbon, sgi gd, sgi thgc vat da dirge 
nghien cuu va sir dung rong rai tren the gidi cung nhu biroc dau dugc quan 
tam a nude ta. 


1.1. CAC UNG DUNG CUA BE TON(} COT SOI THEP 


Mac dii co nhieu uu diem nhung trong mot so trudng hgp, be tong cot sgi 
thep khong thd thay the hoan toan be tong cot thep thudng, vi du nhu trong 
trudng hgp chiu irng suat keo Idn. Be tong cot sgi thep cung khong th^ thay 
the dugc be tong cot thep du irng luc nhung lai co the ket hop dd tao thanh 
ket c^u be tong cot thep du irng luc pha sgi thep vdi nhung tinh nang chiu 
lire dac biet. 


Viec sir dung cot thep sgi se lam cai thien dang ke cac dac tinh chiu luc 
ciia be tong. Trong nhung trudng hgp co yeu cau rieng ve do on dinh, ve han 
che sir dung cot thep hoac nhung cong trinh can phai gia cudng (vf du be 
tong phun lam vo ham, vo tau thuv), be tong cot sgi thep co the’ la mot giai 
phap hop ly. 

Nhung uu diSm khac cua be tong cot sgi thep: 

+ Giam bien dang do tir bien va bien dang do co ngot. 

+ Tang kha nang chong cat. 

+ Cai thien van de nut. 


Ngoai ra, be tong cot sgi thep se la su chon lua rat hgp li khi irng dung 
cho cac cau kien chiu luc tap trung Idn. 
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Cong hoa Lien bang Due la nude co rat nhieu du an da va dang sir dung 
be tong cot spi thep tur nam 1989 (da san xuat va su dung 1.000 - 1.200 tan 
be tong cot soi thep). Cho den nay, Due la nude san xuat va sir dung phan 
ldn loai vat lieu nay. Vdi so lupng ldn va cac cong truth nghien cuu ve cac 
du an xay dung, cac nude thuoc Scandinavia nhu Na Uy, Thuy Dien da la 
nhung nude di tien phong trong viec su dung loai vat lieu nay, dong thdi giu 
vai tro quan trong trong linh vuc nay. 

A 

Be tong cot spi thep cung da dupe su dung d cac nude Tay Au tir cuoi 
nhung nam 70. Tuy nhien, cho den nay My va Nhat Ban mdi la nhung nude 
di tien phong trong viec su dung rong rai loai be tong nay. 

1.1.1. Tong quan ve su dung be tong cot soi thep trong nganh cong trinh 

1.1.1.1. Ket cau va cau kien due san 

Be tong cot spi thep la mot giai phap hop ly doi vdi nhidu dang ket ca'u. 

Co the umg dung ca hai loai vat lieu: 

+ Gia cudng be tong bang spi thep; 

+ Gia cudng be tong kdt hop spi thep va cdt thep thanh. 

Cho du la dung loai vat lieu nao thi ket qua dat dupe deu rat kha quan. Va 
viec urng dung cdt spi thep de gia cudng b£ tong da dua giai phap cho nhidu 
trudng hop. 

+ Co tai trong gay uon dien tich khong ldn; 

+ NhtJng chd kh6ng the phan bo co ngot hoac bo tri cdt thep. 

Be tong cdt spi thep da duct ung dung de san xuat nhieu dang ca'u kien nhu : 

+ Cau kien thanh due san. 

+ Ong due s5n. 

+ Vo garage. 

+ Tudng be tong due san. 

Suf dung be tong cdt spi thep cho cac c&u kien tren dan ddn viec giam 
dang ke cdt thep, dong thdi dap ung du cac yeu Cciu ve gia cudng cau ki6n 
khi chiu cac ung suat ldn nhat. 

Cac cau kien dupe due trong xudng, tranh dupe su anh hudng cua thdi 
tiet, cung vdi su giam sat chat che qua trinh san xuat nen tao dupe kha nang 
su dung ly tudng cua be tong cdt spi thep. 

NhCrng uu diem cua be tong cdt spi thep dac biet phu hop vdi viec san 
xuat cac tarn mong, cac ca'u kien nho va vira. 
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Ung dung be tong cot spi thep da lam giam kich thubc cau kien dan den 
giam khoi lupng cac c&'u kien tren. 

Be tong cot soi thep co cuomg do sdm lorn nen rat phu hop vdi qua trinh 
san xuat hang loat. 

Be tong cot soi thep co kha nang chong cat 1cm nen co the giam hoac 
tham chi loai bo cot xi6n trong cac cau kien khong chiu luc 16m. 

Gia cucmg cot soi thep trong be tong da lam tang do ben cua be tong cot 
soi thep. 

Giam co ngot va giam nut dang ke nen bao ve cot thep tot hon khi chiu 
tac dong cua dieu kien moi truemg. 

Giam cac thanh thep b cac vung chiu trong tai tap trung dan den tiet kiem 
thoi gian va ti6n bac cho cac ket ca'u cot thep phirc tap. 


1.1.1.2. Ket cau mat dieting va tarn san cong nghiep 

Khi su dung be tong cot soi thep cho loai ket cau nay, cot thep thanh 
thong thubng chi can thiet khi khoang each giua cac d£m qua lorn hay tarn 
san chiu irng sua't Ibn. 

Khi su dung be tong cot soi thep do khong phai dat cac ludri cot thep nen co 
the giam thieu chieu day Idp be tong bao ve, dan den chibu day tarn ban co the 
giam di dang ke so vbi ket ca'u be tong cot thep thuctag. Su dung be tong cot 
sqi thep thi do day trung binh cua tarn san tir 15 - 25 cm. Vdi dien tich sir 
dung 1cm, chiu duqc ca tac dong cua tai trong ra't 16m vi the da dupe ung dung 
rong rai de lam cac tarn san cho cac bai chira hang, bai chua container hang 
nang co sir dung cac loai xe van chuyen va c^n cau hang nang. 

De giam hien tupng nut trong cac tarn san gay ra bbi su thay doi thoi tiet 
chlng han thi phai dimg mot lupng tuong doi 16m cot thep, nhung neu su 
dung be tong cot spi thep thi cac va'n de nay da dupe giai quyet on thoa. 

Vofi nhumg dac tinh co hoc dac biet: do nham, kha nang chong va cham 
va kha nang chong an mon be mat, be tong cot spi thep dua ra mot giai phap 
thuc te hon so v6i be tong cot thep. 

Kha nang chong va cham, chong an mon be mat dang dupe khai thac 
trong viec thi cong, xay dung san be tong. Mac du chiu tac dong cua nhiet 
do, bien dang do co ngot va tai trong cua cac phuong tien van tai 16m, nhumg 
san be tong co sir dung be tong cot spi thep trong mot so cong trinh da 
khong xuht hien bat cir hien tupng nut nao sau khoang gan mot nam su dung. 
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Be tong cot spi thep cung c6 nhieu uii diPm dP bao ve canh cua cac tam 
san khi co tai trong tap trung, tam san lam bang be tong co thP nut trong 
trubng hop nay. 

1.1.1.3. Mong chiu tac dung cua tai trong dong 

Trong hau het cac vat lieu xay dung thi kha nang chiu tai trong dong nho 
hon kha nang chiu tlnh tai. Vbi kha nang chong va cham va dac tinh bien 
dang cao, be tong cot soi thep co nhieu uu di6m khi sir dung de thi cong cic 
mong chju tac dong cua tai trong dong. 

1.1.1.4. Dieting ting bdng be tong cot soi thep 

- Tir nhung nam 70, nhung dubng ong co dubng kinh 1000 - 1500 mm 
san xuat hang loat tai Hungary. Gia cubng soi thep co the giam cac vet nut 
sinh ra do anh hubng cua nhiet do va co ngot. 

- Cac uu diem cua be tong cot soi thep dupe khai thac. sir dung la: 

+ Cubng do sbm cao; 

+ Cai thien kha nang chiu uon; 

+ Khong can sir dung cot thep; 

+ Giam loi che tao. 

- Kha nang chong pha hoai be mat va do ben keo cua be tong cot soi thep 
da dupe dung dP sua chua va bao dubng ket cau. 

1.1.1.5. On dinh mai doc 


Nhu chung ta da biet, klii sir dung tubng chan xay dung bang da trong 
mot thbi gian lau dai, dubi tac dong cua moi trubng va dieu kien tu nhien se 
dan den hien tupng phong hoa. 


Van de dat ra b day la tubng chan phai luon on dinh va bPn vung trong 
cac trubng hop chiu tac dong cua moi trubng va nhu vay doi hoi phai sir 
dung mot loai vat lieu co kha nang chiu lire hop If va dong thbi phai co do 
ben cao. 


Chfnh vi If do do, be tong cot spi thep da va dang dupe dung cho on dinh 
mai doc va no dupe chung minh la mot giai phap kha thi ca ve ky thuat lan 
kinh te". 


Khi ung dung be tong cot spi thep cho loai ket cau nay, ngubi ta thay 
rang be tong cot spi thep thuc su thuan lpi cho moi dia hinh thi cong. 

Ngoai ra, be tong cot spi thep con lam cho tang do dinh bam, lien ket 
giua be tong va da. 
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- Kha nang chong va cham va chong pha huy be mat cao lam cho be tong 
cot spi thep dac biet phu hop de bao ve da khoi sir anh hirbng cua nude mua, 
lu dong thdi tang tinh lien khoi va giam sir phong hoa cua da. 


1.1.2. Dung be tong cot sol thep trong viec sira chua va gia c6 cong trinh 


Moi cong trinh deu chiu cac tac dong cua dieu kien moi trudng va cac tac 
nhan ben ngoai nhu : 

- Tac dong co hoc tu nhien 

- Tuoi tho cong trinh 

- Didu kien moi trudng 

- Diiu kien su dung thay doi din den thay ddi ve tai trong cong trinh. Do 
do, cac cong trinh co the bi pha hoai va hu hong. 

Nhung tac dong nav can phai duoc tinh toan va dir doan nhim co bien 
phap tang cudng va sua chua hop li. 

Be tong cot spi thep dac biet phu hop cho cong viec duy tu va sura chua 
cac cong trinh. Co the ting dung dubi hai dang: ^ 

- Be tong phun. 


- Be tong thong thudng. 

lie tong phun sir dung cot soi co uu diem ve chit lupng, tiet kiem nguyen 
lieu, dam bao toe do phut cao, de dang an toan trong thi cong. 

Dong thdi be tong cot spi thep cung co the dung ket hop vdi be tong cot 
thep thong thudng de! duy tu, sira chua trong trudng hop can thiet. 

lien canh do, do sir dung cot spi thep nen loai vat lieu nay vira mang tinh 
chat cua be tong cot thep thong thudng, tuc la vat lieu co cot, dong thdi lai 
co nhung tinh chit rat die biet va de dang sir dung trong qua trinh duy tu va 
sira chua va giup cho cong viec nay dupe thi cong don gian hon. 

Vdi It do do, viec ung dung be tong cot spi thep trong duy tu va sira chua 
sc giup cho chat lupng cong trinh dam bao, gia thanh cong trinh ha (do bien 
phap thi cong don gian hon rat nhieu). 


1.2. CAC LOAI SOI 


1.2.1. Spi thep 

Spi thep dupe san xui't tu thep cacbon hay thep khong gi, cudng dp chiu 
keo trong khoang 345 - 1380 MPa. modun dan hoi khoang 200 GPa, tiet 
dien spi thep co the la tron, vuong, chieu dai spi thep thudng nho hon 75mm. 
Ti so chieu dai soi tren dudng kinh spi tu 30 -100 thudng hay sir dung de gia 
cudng cho be tong xi mang. 
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Soi thep nho han che dirge tfnh gion va da gia tang tinh deo dai cua be 
tong xi mang da duoc sir dung d6 san xu£t cac tarn san phlng cho san ba. va 
cac ldp mat trong duemg ham. 


Mot so loai soi thep dugc sir dung tren the gioi 


Hlnh dang soi 

Cong nghe 
che tao 

Cong ty 
san xuat 

Ten sgi 


Can hay dap 
bang may 

Trefil ARBED 

Wirex 

Eurosteel 


Cat hoac bao tir 
phoi thep 

Australien Wire 

Fibresteel 


Can hay dap 
bang may 

Bekaert 

Dramix 


Can hay dap 
bang may 

National-standard 

Duoform 


Can hay nghidn 
bang may 

Harex Stahlfaser- 

technik 

Harex 

»#SHM SSBBBBSkBWW 5HBSB9BBHHBSH 

Can hay dap 
bang may 

Cat va xoan 
bang may 

Stax 


——— - 

National-standard 

Melt-extracted 

^£^zzuz*Ezzzaaz2zaazzz2Zffifa & 

Can hay dap 
bang may 

Thibo 


BagBBaztBa^azBam^mae bb 

Cat hoac bao tir 
phbithep 

US - Steel 

Steel sheet 
fibres 


Diu tien cac nha khoa hoc chi dung nhung soi thep nho va thang de tang 
kha nang chiu uon va chong nirt cho be tong. 

Shah va Rangan da nghien cuu be tong soi thep nho vdi duong kmh 0,25 - 
075 mm, d i ch£ tao cap phoi h6n hop be tong deo. Luong soi sir dung va ty 
le chieu dai tren duong kmh soi cua soi thep thang la yeu to chinh de thi 
nghiem kiem tra cac tinh chat cua be tong cot soi thep. Khoi luong soi thep 
dung trong khoang tir 90 - 120 kg/m 1 bt tong. Vdi mat do soi cao, kho khan 
chinh gap phai la soi se cuon lai thanh cue trong qua trinh tron, nhat la khi 
dung soi dai. 


Viec sir dung soi thep lam cho do deo cua hdn hop be tong giam. Khuynh 
hudng nay anh hudng den chat luong cua be tdng, dac biet, vdi mot so luong 
cao. Di khac phuc hien tuong nay Ramakrishman va cac cong su cua ong da 
dung cac loai phu gia deo giam nude cho vdi mot luong nho de didu chinh 
tmh deo cua hon hop be tong. 
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1.2.2. Sgi thuy tinh 

Sgi thuy tinh dugc sur dung chu yeu de san xu£t cac ta'm be tong phang 
cot sgi. Nhung loai sgi thuy tinh E su dung trong be tong ddu bi phan huy 
trong moi trudng kidm cua xi mang pooclang. Chlnh vi v&y, mot loai sgi 
thuy tinh ben kiem dirge san xuat de thay the co sgi thuy tinh E trong be 
long cot sgi thuy tinh. 


1.2.3. Sgi tong hop polyme 

Sgi tong hgp polyme dirge san xu£t tir cac san pham cua cong nghe d£u 
mo va cong nghe det. Nhung loai sgi polyme da sir dung vdi vat lieu n6n xi 
mang gom: acrylic, aramid, nylon, polyester, polyethylen va polypropylen. 

Chung co cudng do chiu keo cao, nhung h&u het cac sgi nay co modun 
dan hoi thap. Duong kinh cua sgi r&t nho nen ti so chi^u dai tren duemg kmh 
sgi la cao, nhu vay, chung rat co ich ddi voi su gia cubfng be tong. 

Nhung thuan lgi cua cac loai sgi polyme la kha nang ben trong moi 
trudng ki6m cua xi mang. Tuy nhien, bat lgi la modun dan hoi tha'p, tinh 
ham dfnh vdi v$t lieu ndn kem, nhay cam vdi bde xa mat trod va bi oxy hoa. 

Han che co ban cua cac loai sgi nay la gia thanh cao hon so vdi mdt so 
sgi khac. 

Cac tac gia Balaguru, Bohra, Khajuria da nghien cdu do bdn sau 10 nam 
cua cac t£'m xi mang gia cudng bang cac sgi polypropylen, nylon, polyester. 
M&u thu dugc che tao vdi sgi co do dai 19 mm, ham lugng xi mang 307 
kg/m 3 va ti so N/X 0,57, bao dudng sau 28 ngay va sau do thu do ben theo 
cac chu ky 0; 4; 8; 16; 32; 52 tu£n Id, dieu kien miu thu ngam trong nude 
voi bao hoa d nhiet do 50°C. Cudng dd chiu uon toi da cua be tong cot sgi 
tong hgp theo cac chu ky thu do ben, dugc gidi thieu trong bang 1.1. 


Bang 1.1 


Chu ky thir 
(tuan 16) 

Cudng do chiu ud'n td'i da (psi) 

Nylon 

Polypropylen 

Polyester 

- 

0 

313 

262 

450 

4 

309 

274 

282 

8 

438 

381 

356 

16 

350 

431 

378 

32 

406 

400 

456 

52 

543 

444 

481 
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Nhir vay sau khi thi nghiem cirang do cua be tong vdi cac loai cot sgi 
khac nhau deu tang. 

1.2.4. Sol cacbon 

Sgi cacbon co gia thanh cao hem sgi polyme nen viec sir dung chung de 
gia cudng cho vat lieu ndn xi mang bi han che. Sgi cacbon co modun dan hoi 
cao nhu sgi thep, chung rat nhe, ti trong khoang 1.9 va dac biet la bdn virng 
trong hau het cac moi trudng hoa hoc. Sgi cacbon dirge san xuat thanh bo 
sgi, co tren 12.000 sgi nho rieng biet. Sgi cacbon co cirong do va modun dan 
hoi cao ham so voi cac loai sgi polyme. 

Mot so cong trinh tai Nhat da dung cac tarn be tong sgi cacbon lam vat 
lieu bao che cho cac toa nha cao t^ng. 

Tuy nhien, sgi cacbon nhao tron thuong kho khan, chung co khuynh 
hudmg cuon tron va phan tan khong dong nhat, dac biet khi ham lugng theo 
the tich sgi 1dm hem 3%. Cucmg do chiu uon cua be tong cot sgi cacbon dirge 
gidi thieu trong bang 1.2. 


Bang 1.2 


Sgi cacbon 
(% the tich sgi) 

Tai trong 
a gioi han dan 
hdi (N) 

Tai trgng 
t6i da (N) 

Do 

deo dai 
(N /mm) 

Cirang do 
chiu uo'n a gicri han 
dan hoi (Mpa) 

Cudng do chiu 
udn toi da (MPa) 

0 

79 

79 

3 

4.6 

4.6 

1 

197 

272 

102 

11.4 

15.7 

3 

285 

365 

229 

16.5 

21.1 

5 

296 

525 

686 

17,1 

30,3 


1.2.5. Sgi bazan 

Theo Tien s! Djcgiric va Makhova, sgi bazan va cac vat lieu tCr sgi bazan 
co tinh each aim, each nhiet, tlnh ket cau cao. Sgi bazan horn hdn sgi thuy 
tinh va cac loai sgi khac ve do ben nhiet. GiPoi han nhiet sir dung cua sgi 
bazan tir 269°C - 900°C, trong khi do sgi thuy tinh la 60°C - 450°C. Do hut 
am cua sgi bazan nho hem 1 %, con cua sgi thuy tinh tdi 10 - 20 %. Ve tinh 
ben thuy phan sgi bazan dirge xep vao nhdm dau, con v6 tinh bdn xit, baza 
va hoi nude, sgi bazan ham hdn sgi thuy tinh va cac sgi khac. 

Do nhung tinh chat co ly cao, sgi bazan dung de san xuat cac loai be tdng 
se dem lai hieu qua cao. 
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1.2.6. Soi xenlulo 

Sgi thu'c vat dugrc chu y sir dung la sgi xenlulo. Qua nghien cuu sir dung 
dang sgi xenlulo da gap phai kho khan la sir thay doi do am trong sgi 
xenlulo. Trong nhung nam 1970. a Na Uv va Phan Lan, nhung nha san xuat 
da thanh cong trong vice sir dung sgi xenlulo ciing voi mot lugng nho sgi 
polvpropylen. 

P. Soroushian va S. Marikunte da tien hanh nghien cuu xi mang - xenlulo 
(sir dung 2 C/ i khoi luong hot kraft). Thi nghiem cuong do chiu uon dugc thirc 
hien tar cac chu ky nhiet am khac nhau. Ket qua nghien cuu nay chi ra rang, 
cac chu ky am nhiet dugc lap di lap Iai cd anh hudng khong dang ke den 
cuong do chiu uon ciia xi mang - hot giay kraft. nhung iai lam giam tinh deo 
va lam vat lieu trd nen gion hon. 
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Chuomg 2 

TINH CHAT CUA BE TONG c6t SOI THEP 


Viec bo sung spi thep vao trong be tong co the thay doi tinh chat cua b6 
tong dang ke vi chung anh huong den tinh chat cua be tong ca b trang thai 
tuoi lin trang thai ran. Dong gop chfnh cua cac spi thep la sir cai thien tinh 
chat cua be tong dong cung. Tuy nhien, su cai thien dat dupe khi su dung cot 
spi thep da keo theo mot so cong viec bo sung khi xir ly no. Pham vi cai 
thien bbi viec them cot spi lam thay doi tinh chat cua be long hi phu thuoc 
kieu spi, dac trung hinh hoc cua spi, ham lupng spi trong be tong va su dinh 
huong spi trong be tong cung nhu boi su lien ket giua n^n be tong va cot spi. 

2.1. TUdNG TAC GIUA SOI VA VAT LIEU NEN 


2.1.1. Dat van de 

Su tuong tac giua spi va vat lieu nen la van de co ban tao ra chat lupng cua 
be tong cot spi. Hieu biet ve su tuong tac nay se danh gia dupe chat lupng ciia 
vat lieu nen, vai tro cua spi va du doan kha nang co hoc cua be tong cot spi. 
Co nhieu yeu to anh huong den su tuong tac giua spi va \ r at lieu nen: 

- Dieu kien, trang thai cua vat lieu nen: khi chua nut hay da nurt. 

- H6n hop: thanh phan vat lieu nen. 

- Hinh dang, loai spi, dac diem be mat, do cung va tinh chat cua spi. 

- Huong spi: dang huong hay bo tri ng£u nhien. 

- Ti le th£ tich spi su dung. 

- Tinh bln cua spi khi lam viec lau dai trong be tong cot spi. 

Hieu qua cua spi la nang cao tinh chat co hoc trong vat lieu nen xi mang 
trong hai qua trinh: 

- Qua trinh truyen tai trong t£r vat lieu nen sang spi. 

- Su anh huong bac cau cua spi qua vet nut xuat hien khi tang tai trong 
cua vat lieu nln. 
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- Co che truydn ung suat se cho phep dir doan dudng cong irng suat - bien 
dang cua be tong cot spi va dang pha huy deo hay pha huy gion va cung la 
dat ndn tang cho sir phat trien vat lieu be tong cot soi. Viec cai bidn cac kha 
nang co hoc cua be tong cot spi ddu thong qua sir tucmg tac giua soi va vat 
lieu nen. 


2.1.2. Sir tirong tac giua spi - vat lieu nen 

Be tong dac la h6n hop khong dong nhat cua: 

- Xi mang 

- Nude 


- Cot lieu tho 

- Cot lieu min 


- Cot thep 

Phan ling thuy hoa giua xi mang va nude d^n den su co ngot ro ret cua ho 
xi mang dong cung. Ham lupng cot lieu tho hop If mang tfnh hai mat vira tiet 
kiem dupe khoi lupng h6 xi mang, vua la mot thanh phdn chong lai su co 
ngot do thuy hoa. 


Hsu, Slate, Sturman & Winter trong bai viet "Microcracking of Plain 
Concrete and the Shape of the Stress- Strain Curve" [Journal of the ACI 
thang 2/1963 trang 209] da chi ra rirng co nhung vet nut vi mo tai be mat cua 
cac phan tu cot lieu tho kich thude ldn. Cac vet nut nay ton tai d trang thai 
khong tai. 

Khi be tong bi keo dudi cac tai trong khac nhau, bao gom ca qua trinh 
moi, cac vet nut vi mo se lan rong theo b6 mat cua cot lieu va mot phan d 
khoi be tong xung quanh cot lieu. 

Vi khoi be tong chua ho xi mang va cac cot lieu nho hem nen trong do cac 
spi thep dupe tron va sdp xep thang hang mot each nglu nhien du chung co 
the bi thay doi bdi vj trf tuong doi cua cot lieu tho. 


Khoi be tong trd thanh h6n hop dupe tang cudng bdi spi thep. Cac spi 
thep tang cudng gidi han chiu keo co the gay ra nut ban dau trong hdn hpp 
tuy nhien muc do tang cudng con phu thuoc so lupng va su hieu qua cua spi 
thep tai vung co the xuat hien dinh vet nirt. 

Mo phong su tuomg tac giua spi va vat lieu nen dua tren hinh dang cua luc 
keo tuot dem gian (hinh 2.1). 
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Hinh 2.1: Mo hinh su keo tuqt sqi 
tai be mat lien ket sqi vat lieu nen ciia be tong cot sqi 


Cac qua trinh lien quan den sir tuang tac giua sqi va vat lieu nen chii yeu 
xay ra trong vung tuang doi nho xung quanh sqi va vat lieu nen. 

Vat lieu ndn la gion nen anh hudng su truyen ling suat se duqc nghien cuu 
cho ca hai trudng hop: trudc khi nut va sau khi nut, vi the cac qua trinh ciing 
hoan toan khac nhau tuang ung vdi hai trudng hop. 


Truac khi xay ra bat cd vet niit nao, su truyen utig suat dan hoi la mot ca 


che quan trong dau tiSn, sir chuyen vi theo phuang doc giua sqi va vat lieu 
nen tai mat phan each duqc the hien ro ret. Su truyen utig suat truqt dan hoi 
la ca che chinh, duqc dung de du doan gia tri: ung suat tai vet nirt dau lien. 


Sir phan bo ung suat truqt dan hoi doc theo mat phan each giua sqi va vat 
lieu nOn la khong dong nhat. 


2.1.2.1. Tuang tac giua sqi - vat lieu nen chua nut 


Dang tuang tac nay xay ra trong hau het be tong cot sqi suot giai doan tac 
dung tai trong ban dau. Trong mot so truong hop, chiing han cac dang tam 
mong, be tong cot sqi vin chua nut suot qua trinh dua vao sir dung, con 
trong hau het cac truong hop vat lieu nen se nut trong qua trinh sir dung. 


Su tuang tac sqi - vat lieu nen chua nut co gidi han trong ung dung thuc 
te. Mot he sqi - vat lieu n£n don gian co chua mot sqi don duqc bi6u dien 6 


hinh 2.2. 


Trong giai doan khong co tai trong, urng suat trong ca sqi va vat lieu nen 
duqc gia thiet bang khong. Dat tai gay keo hay nen len be tong cot sqi dan 
den tang ung suat va mat lien ket. 

Trong vat lieu n6n xi mang, su hydrat hoa cua xi mang se gay ra tang ung 
suat trong sqi - vat lieu nen. Khi vat lieu ndn chiu tai trong, mot phan tai 
trong duqc truyen qua sqi. Bdi vi sqi va vat lieu nen co do cung khac nhau 
nen ung suat truqt phat trien doc theo be mat sqi. Neu sqi co do cung l<Vn 
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han do cixng cua vat lieu n6n thi su mat lien kct tren b£ mat spi va xung 
quanh spi se nho nhu tren hinh 2.2a, 2.2b. 2.2c. Truong hop nay chi xay ra 
vdi thep va spi khoang vat. Neu mo dun cua spi nho han mo dun cua vat lieu 
n6n, su mat lien ket xung quanh spi se cao hon, di6u nay xay ra doi vai spi 
polyme va spi thien nhien. 

Su truy^n ung suat dan hoi hien dien trong be t6ng cot spi chua nut cung 
nhu co trong vat lieu nen va spi trong giai doan dan h6i. Hieu ung, umg suat - 
bi6'n dang ddi vai vat lieu nen co the dua ra kha nang phi dan h6i va phi 
tuyen tinh trudc khi vat lieu pha hong. Phuang trinh toan hoc da phat trien 
cho ca irng suat trupt tai mat phan each x va ung suat doc a, theo chi^u dai 
spi. Dua vao mot so gia thuyet de dan gian hoa va'n de la: 

1. Vat lieu nen va spi ca hai d£u d giai doan dan hoi 

2. Mat phan each giua vat lieu n£n va spi la mong 

3. Be mat phan each dupe xem nhu la lien ket hoan hao 

4. Spi dupe sap xd'p co quy luat 

5. Bien dang keo cua vat lieu nen e m tai vung bam dfnh chira spi la tuong 
duang bien dang keo cua be tong cot spi 



Hinh 2.2: Mat phan each cua vat lieu nen - sai khi vat lieu nen chua nut: 
a) Chua chat tai; b) Vat lieu nen chiu keo; c) Vat lieu nen chiu nen 



Hinh 2.3: Mo ta spi trong vat lieu nen - bien dang va ung suat xung quanh sen: 
a) Dang hinh hoc bien dang cua vat lieu nen xung quanh son iru&c va sau khi tai tac 
dung; b) Phan bo ung suat truert dan hoi tai mat phan each va phan bo ting suat keo. 
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Su phan bo ung suat truot t tai khoang each x trnh tCr ddu spi dupe didn ta: 


T(x) = E ( E m 




cosp, - 



Trong do: 

E m , E f : Mo dun dan hoi cua vat lieu nen, spi. 

G m : Mo dun dan hoi truot cua vat lieu n6n tai mat phan each. 

1 : Chieu dai spi. 

R: Ban kinh cua vat lieu nen xung quanh spi. 

r : Ban kmh cua spi. 

c m : Bien dang keo cua vat lieu n6n. 

Ti so giira R/r tuy thuoc vao ti le the tich spi va su sap xep spi (hinh 2.4). 


Phan bo spi 1 va 2 phuong: In 





( 1 ) 



Viec thiet lap phuong trinh (1), (2), (3) dthi dua vao cac gia thuyet neu d 
tren. Cac phuong trinh nay cho phep ta tinh dupe ung sua't trong spi va su 
dong gop cua spi trong be tong cot spi. 
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Trong trudng hop c6 nhi£u sqi, ngudi ta sip xep chung theo mot dang 
dirpc dir doan trude ma giua chung khong co sir tuang tac (hinh 2.4). 

Tai giai doan du tai trong xay ra su mat lien ket doc theo mat phan each, 
nen qua trinh truyen ung suit se trd thanh qua trinh truqt ma sat (x fu ). Trong 
trudng hop nay se co chuyen vi tuang doi giua sqi va vat lieu n^n, va co irng 
suat truqt ma sat. 

Nhtrng thong so nhu ung sua't va bien dang ciia bt tong cot sqi co lien 
quan den qua trinh truyen irng suat nay. 



a) Sen dai phan bo lien tuc lphucnig, 

b) ,c) Soi phan bo theo 2 phuang, 
d) Soi phan bo theo 3 phuong 


Hinh 2.4: Su phan bo' cua soi trong be tong. 

Ung siat truqt bam dinh (i au ) duqc d6 cap den, neu vuqt qua gidi han thi 
bit dau lay ra mat tmh bam dinh giua sqi va vat lieu nen, khi do ung suat 
truqt masat cue dai i fu xuat hien trong vung bi mat lien ket. Gia tri x fu va t #u 
la khongbing nhau, gia tri x fu rat nhay vdi irng suat va bien dang. 

Gia diet ring lire keo tuot la hing so thi dudng cong tai trong - chuyen vi 
la ly tudrg. Tuy nhien, trong thuc te x, u giam khi gia tai (hinh 2.5). 

Chuyen doi tir su truyen dng suat dan h6i trude khi mat lien ket sang su 
truyen dig suat ma sat sau khi mat lien ket la mot qua trinh didn ra cham va 
hai qua tinh tren ciing co anh hudng lin nhau. Su mat lien ket co the xay ra 
trude kh co vet nut dau tien cua vat lieu ndn va vi vay anh hudng ket hop 
cua hai jua trinh nay tac dong den hinh dang cua dudng cong irng suat - 
bien danj trude khi vat lieu n£n nut. 


Chuyen vi 


Hinh 2.5: Sc do bieu dien ting suat treat - chuyen vi. 

Se chuyen doi cua eng suat dan hoi sang ling suat treat ma sat. 


Mot loat hien tiring tiep diin d6u phu thuoc vao ung suat truot bam djjnh 
va ung su^t keo cua vat lieu n6n: neu ung suat keo lorn thi viec mat lien ket 
co the xay ra trude khi vat lieu ndn nut, neu umg suat keo nho thi qua trinh 
nut vat lidu n6n se xay ra trude khi mat lien ket. 

Nhu vay, moi van de truyen ung suat ddu bi anh hudng cua cac hien 
tuqng: truy6n umg suat truot dan h6i, umg suat truot ma sat, su mat lien ket va 
ung suat bien dang binh thudng. 


2.1.2.2. Tuong tac giita soi - vat lieu nen da nict 


Tac dung chu yeu cua sqi trong be tong cot sqi sau khi vat lieu ndn nut la 
soi se bac cau qua vet nut va vi vay ngan ngira duoc su pha huy. 

Su bac C2iu cua sqi xuyen qua vet nut de truydn tai trong thong thudng 
duoc danh gia bdi thi nghiem vd keo tuot nham muc dich: 

1. Lam nen tang cho du doan tmh chat cua be t6ng cot sqi trong vung da nut. 

2. Phan tich co che bam dinh va xac dinh su lien quan cua co che truyen 
ung suat truot ma sat va dan h6i. 

Khi be tong cot sqi co chtia sqi chiu keo (hinh 2.6; 2.7), d trang thai vat 
lieu ndn nut. Ngay sau khi vat lieu nen nut, sqi bac ciu qua vet nut, truydn 
tai trong qua vet nut. Giai doan tang tai nay duoc goi la giai doan phat trien 
vet nut. 

Ung suat truot dan h6i duoc xac dinh bang cong thuc: 


t(x) = ^-[sin p 2 x - cot g(P 2 l) cos(p 2 x)] 
27cr 
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Trong do: 

r : Ban kfnh cua spi. 

bj! Be rong cua vung anh huong. 

E f : Mo dun dan hoi cua spi. 

G m : Mo dun truot cua vat lieu n6n 6 mat phan each. 
1: Chi6u dai spi n&m trong vat lieu nen. 



a) MS't bam dinh tri/Oc khi ru/t 




b) Tardc khi nCrt khhng bi mat Ii6n k£t 


Hinh 2.6: Phan bo ting suat truot tai mat phan each 
doc theo giao diem cua vet ntit voi sen ngay sau khi ntit. 

Ung suat trucrt dan hoi lbn nhat: 

PR, 

t(max) - x(x = 0) = —-cot g(P^l) 

27ir 

Ung suat truot dan h6i trung binh: 

P 

27rrl 
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Hinh 2.7: Hlnh dang soi bi mat bam dinh 
mot phan va ting sudt tricot tai mat phan each. 


2.1.3. Qua trinh phat trien vet nut 

Trong be tong cot soi vai tro chrnh cua soi duoc the hien trong viing co 
vet nut, trong do soi la cau noi qua vet nut cua vat lieu nen. Soi co hai chuc 
nang trong vung co vet nut: 

- Lam tang cucmg do cua be tong cot sqi qua vat lieu nen bang each 
truyen ung suat va tai trong qua vet nut den sqi. 

- Sqi lam tang do deo dai cua be tong cot sqi bang viec hap thu nang 
luqng ma sinh ra trong qua trinh mat lien ket va keo tuot cua sqi. 

Viec xuat hien vet nut d£u tien trong be tong cot sqi co anh huerng ldn 
den cubfng do va do deo dai. Neu muon ngan chan su pha hoai trong giai 
doan nay thi kha nang chiu tai cua sqi a, u V f (trong trubmg hop sqi lien tuc va 
dang hudng) phai cao hon tai trong tac dung len be tong cot sqi tai vet nirt 
d^u tien: 

CTr«V r > E m e mu V m + E,€ mu V f (2.1) 


Trong do: 

V m : The tich cua vat lieu nen 

V r : The tich cua sqi su dung 

E m : Modun dan h6i cua vat lieu nen 

E r : Modun dan hoi cua sqi 

a lu : Cudng do keo tai han cua sqi 

e mu : Bien dang cue dai cua vat lieu nen 
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Khi phirong trinh (2.1) dupe thoa man (nghla la ham lupng spi V f du Ion), 
v£t nut dlu tien xay ra trong b6 tong cot spi se khong din den pha hoai va se 
co mot su phan phoi lai tai trong tac dung len spi va vat lieu nPn, co nghla la 
tai trong tac dung len vat lieu n6n trong viing co vet ndt se chuyen qua spi, 
va ngay tai mep vet nurt vat lieu nen se khong co ung suat. Tiep tuc tang tai 
se lam cho vet nut tang dan cho den khi vat lieu n£n bi phan thanh nhidu 
manh. Qua trinh nay dupe coi la qua trinh phat tri6n vet nut. Vung duang 
cong ung suat - bien dang nay xap xi nlm ngang hay hai doc len (hinh 2.8). 



Hinh 2.8: Sc do ung suat bien dang cua be tong cot sci. 


Khi qua trinh phat tri^n vet nut khong tang nua, vat lieu nen bi chia blng 
nhieu vet nut song song thi bat ky luc keo nao them vao se gay ra keo gian 
hay keo tuot spi. Tai giai doan nay, do cung cua day cot spi gia cuang la 
nguyen nh^n lam cho duemg cong ung suat bien dang doc len trong vung co 
vet nut. Gia su ring be tong cot s<;i gom nhung spi lien tuc va dang hudng 
dupe keo gian khi chiu tai trong, do doc trong khoang nay la E r V„ va su pha 
huy se xay ra khi spi dat den kha nang chiu tai cua no, tai ung suat o fu V r 
(hinh 2. 8). 


Vi vay kha nang co hoc cua be tong cot spi thuang dupe mo ta b 3 trang 
thai cua duemg cong ung suat - bien dang hinh 2.8. 

(1) Giori han dan hoi, dat den diS’m nut dau tien: vat lieu n£n va spi la dan 
hoi tuyen tinh. 
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(2) Qua trinh phat trien vet nut ma bien dang trong be tong cot spi vupt 
qua bien dang cho phep cua vat lieu nen. 

(3) Giai doan sau vet nut, trong suot giai doan nay spi bi keo gian hay keo 
tuot ra khoi vat lieu nen. 

De co the mo ta dac tinh va kha nang co hoc cua be tong cot spi cin ap 
dung nhung bien phap mo ta dang tong quat cua duPng cong ung suit - bien 
dang va du doan diem loi cua duong cong: trong vung dan hoi E c P vet nut 
dau tien (o u , e mu ), bien dang tai di£m cuPi vung co vet nut (e mc ), va ung suat - 
bien dang cue dai cua be tong cdt spi la cr LU ; e c 


cu* 


2.2. MOT SO TINH CHAT CUA BE TONG COT SQl 

2.2.1. Kieu spi 

Cac loai spi rat da dang va phong phu. Tuy thuoc vao qua trinh su dung 
ma nguoi ta da san xuat ra cac loai spi co su khac ve cuPng dp keo, hinh 
dang va dac tinh be mat. 

Vi vet nurt phat tri6n qua khoi, nhu da trinh bay a tren, b6 rong cac vet nut 
se tang. Doi vPi cac spi thep di qua va chong lai su mo rong cua vet nut, su 
phat tri6n cua ung su£t trong spi dupe hinh thanh boi hai yeu to: 

- Lien ket be mat giua ho xi mang va cot spi 

- Su neo co hoc do hinh dang cua spi thep lam tang cuong lien ket giua xi 
mang va spi thep co tac dong khi ung suat trong be tong Ion hon sue lien k6t 
be mat dupe danh gia vao khoang 3MPa. 

VPi cac spi thing, chieu dai can thiet cua spi thep dd cung cip du dipn 
tich tiPp xuc phat triPn ung suit keo trong spi thep co the tro nen qua lPn. 
Di6u nay co din den cac spi thep bi roi va kho bo tri trong be tong cung nhu 
cac kho khan khi do va dam be tong. 

Nhung nha san xuat spi cung cP ging cai thien hieu ung cua spi, tao cac 
co ciu neo co hoc khac nhau thong qua nhung tinh chit dac biet, co the xep 
thanh hai loai: uon cong (dap lupn song) lien tuc va loai co neo (be moc) O 
dau va cuoi spi. 

Vi du cong ty Radmix da nghien cuu ca hai loai tren va da lira chon 
huong phat trien cac spi uon cong lien tuc. Dang nay dupe lua chon vi kha 
nang xuat hien vet nut ban diu P vung chinh giua cua phan tu spi la thip nhu 
vay thi khoang each tu vet nut den cuoi spi trong nhieu truong hop la rat 
ngin, dieu nay gay ra sir giam ung suit do mat mat o mat tiep xuc va spi bi 
keo tut ra ngoai. 
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Spi uon cong lien tuc cung cap mot co cau neo co hoc r5 rang quanh vi trf 
phat trien vet nut, din den mpt sue khang lbn hem va su phan bo lai Gng suat 
trong khoi be tong bao quanh. 

Nhung hieu img nhu tren anh hudng dang ke den nhung dac trung cua be 
tong gia cubng cot spi thep va can phai dupe tinh den khi lua chon kilu spi. 

2.2.1.1. Ty le giua chieu dai sqi va dudng kinh sqi (l Id) 

Ty le nay la tham so tieu bieu cua mdi kieu spi va co mot anh hudng 
quan trong doi vdi su lam viec cua spi trong be tong. Nhin chung, ty le //d 
ngay cang cai thien su co hieu luc cua spi nhung lam cho viec tron be t6ng 
tuoi kho khan horn. Thong thuong, ty le l/d nim trong khoang 50 - 100 la 
thich hpp. 

2.2.1.2. Tinh chat lien ket 

Tai trong keo tuot spi hoac dut gay true tiep bi anh hudng bbi su truyen 
dng suat lien ket tu vat lieu n6n den spi va dp dai neo cua spi. Nhu vay, umg 
suat lien ket anh hudng den qua trinh xua't hien vet nut diu tien va su lam 
viec cua be tong cot spi thep trong co che pha huy. 

Kha nang chiu ung suat lien ket cua spi phu thuoc vao trang thai tu nhien 
cua be mat spi. Be mat spi xu xi (nham) lam tang kha nang lien ket giGa spi 
va nen be tong. Cac nha san xuat cot spi thep da nghien cum va lam tang tmh 
chat lien ket giua spi va vat lieu nen bang each tao nham be mat spi. Spi lam 
cham sir hinh thanh ve't nut va ngan chan qua trinh md rpng vet nut. 

2.2.1.3. Uon moc hai dau va thay doi duemg kinh sqi 

Mot giai phap khac de lam tang kha nang lam viec cua spi la viec uon 
moc dau spi hoac thay doi dudng kmh spi trong ket ca'u. Giai phap nay da 
lam tang kha nang lam viec d trang thai bie'n dang deo cua spi khi chiu 
luc keo. 

Viec uon moc dau spi khong lam cham qua trinh hinh thanh vet nut. Tac 
dung cua viec uon moc dau spi khong bat dau cho den khi cudng dp lien ket 
vuat qua gidi han cho phep va xuat hien su chuyen dich giua nen be tong va 
spi. Nhu vay, viec uon moc d£u spi co the tang them dang ke tinh deo cua be 
tdng cot spi thep. 

2.2.1.4. Co che pha huy 

Su pha huy spi trong mot nen be tong xuat hien tu hai qua trinh khac 
nhau ve cef ban: 
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1. Pha huy vi soi bi keo dut; 

2. Pha huy vi soi bi cdt dut. 

Ca cau pha huy phu thuoc vao nhung yeu to sau: 

- Ty le 1/d; 

- Kha nang dfnh bam; 

- Cudng do chiu keo cua spi; 

- Cucmg do lien ket. 

Ba yeu to dziu phu thuoc hoan toan vao chung loai cua soi. Mure do cua 
cucmg do lien ket phu thuoc vao ca chat lupng be mat cua soi va cudng do 
cua vat lieu n6n be tong bao quanh. Nhu vay, vdi ciing mot loai soi co the 
didn ra nhung co ch6' pha huy khac nhau hoan toan trong nhung be tong 
khac nhau. 

C£n thiet phai xac dinh chieu dai tori han cua soi (/ cril ) tren co s6 cua 
nhung qua trinh tfnh toan c^n bang. Do la khi ma cuomg do lien ket cue dai 
tren ncra do dai soi can bang tai trong keo doc soi cue dai. Khi chi^u dai soi 
chua dat tori chieu dai tori han, sai se khong tan dung duqc h£t kha nang chiu 
luc cua soi. Trong trubng hop soi qua dai, soi co the bi cat dut trudre khi bi 
keo dut, do la do soi bi uon vi chidu dai qua ldn. 





Hinh 2.9: Moi tuang quart girfa chieu dai soi va Ung suat keo 
Ta co cong thurc tinh chieu dai soi tori han: 

, -Wz 


Trong do: 

p z : Cudng do chiu keo cua cot soi 
x m : tJng suat dfnh trung binh 
d: Duong kinh cdt soi 

Tren hinh 2.9, be tong vdi x m = 1.47 N/mm 2 , dudng kmh soi, d = 0.4 mm va 
cudng do keo P z = 1000 N/mm 2 thi soi se co chieu dai tori han / cril = 136mm. 
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Kieu sgi thing c6 ty le //d la 340 la khong kha thi. Chieu dai tori han nay 
hap If khi su dung loai sgi co sir bien dang bd mat sgi hoac loai sgi co be 
moc d dau sgi. 

Sgi thep tieu chuan vdi ti le //d trong khoang 50 - 100 va co chidu dai 
chua dat den chieu dai tori han thi pha huy thong thudng la sgi bi keo durt chtr 
khong bi cat dut. Chung co thd chiu tai ngay ca khi bien dang 1cm va vet nut 
md rong, su pha huy dot ngot se khong diin ra. Ngoai ra no con lam tang 
tinh dac chic ciia be tong, va do md rong vet niit se rit nho va phan tan. 


2.2.2. Ham lugng sgi 

Ham lugng sgi thep khoang 25 kg/m 3 la ham lugng hgp If doi voi be t6ng 
nang (x^'p xi 1% trong lugng, hoac 0.33% thi tich). Hieu qua cua sgi tang ti 
le thuan vdi ham lugng sgi. Tuy nhien, can phai co mot gioi han tren vi ham 
lugng sgi khi no anh hudng den tinh cong tac cua be tong va nhung kho 
khan khi tinh cong tac cua be tong khong dugc dam bao, lam thay doi cac 
tinh chat khac cua be tong dong cung. Gidi han ham lugng sgi trong nhung 
ung dung pho bien la vao khoang 50 - 100 kg/m 3 phu thuoc vao phucmg phap 
thi cong va kieu sgi. 

Tuy nhien, mot qua trinh dac biet cho phep sir dung ham lugng sgi cao 
hem muc thong thudng. Qua trinh nay chinh la viec tron sgi vao trong mot 
hgp chat dac biet sau do tron vdi ho xi mang. Hgp chat nay goi la SIFCON 
(Slurry Infiltrated Fiber CONCRETE). Phu thuoc vao kieu sgi, qua trinh nay 
co the sir dung de’ dat dugc mot ham lugng sgi len tren tdi 20% the tich. Tuy 
nhien, hgp chat nay chi dugc sir dung doi vdi nhung ket ca'u dac biet, vi du 
nhu cho nhung ung dung quan sir, do chi phi cho phucmg phap nay rat ton 
kem vi ham lugng sgi cao. 


2.2.3. Su dinh hudng sgi 

Cac sgi thep co nhiem vu ngan ngira su hinh thanh va phat trien vet ndt. 
Nguyen nhan ciia vet nut la do tac dong cua tai trong (keo, nen hoac cat) va 
dac trung hinh hoc ciia cac thanh phan ket cau. Tucmg tu nhu cot thep, sgi se 
phat huy tdi da kha nang chiu luc cua chung neu chung nam doc theo 
phucmg ung sua't keo tai vi tri vet nut. 

Neu sgi cheo qua vet nut d tai mot goc xien thi sgi thep it co hieu qua 
horn. Su mat mat nay dugc xet den trong qua trinh tinh toan thong qua cac 
dieu kien sir dung va he so dinh hudng. 
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1 chi6u 


2 chi£u 3 chidu 

Hinh 2.10: Su dinh hucmg sai 


Chung ta biet rang trong qua trinh tang cuomg be tong thi vi tri va phuong 
hucmg cua sir tang cucmg phai phu thuoc vao lire tac d6ng va kha nang chiu 
lire cua spi thep. Tuy nhien, lam each nao de sap xep cac spi va dinh hucmg 
spi thi chua co phuong phap nao hop If. Ngudi ta co the gia thiet ding cac spi 
thi phan tan hoan toan ng^u nhien trong k£t ca'u, nhung ket qua thi nghiem 
tren mot cau kien nay co the la ap dung cho nhimg cau kien khac. Tuy 
nhien, dieu do la khong dung. Sir dinh hudng spi (cung la tmh chai be tong 
cot spi thep) bi anh huong bbi nhung di6u kien ngoai. Nhu v$y, nhung spi d 
canh va mep nhung mlu thi nghiem co the chi dinh hudng theo mot hoac hai 
chi4u. Tuong tu, vi tri va dieu kien sir dung co th6 cung anh huong su dinh 
hudng spi. 

Nhu vay, su dinh hucmg spi la khong giong nhau giua nhung miu thir va 
ca'u kien thuc. Do do, nhieu tac gia khuyen rang trong dieu kien cho phep 
nen ti6n hanh thi nghiem vdi nhung mlu thd tuong tu ket ca'u de anh hucmg 
cua hucmg spi co the dupe xac dinh gian tiep va mieu ta chinh xac. Su giong 
nhau khong chi la dac trung hinh hoc ma con trong ca qua trinh san xuat va 
su dung. Neu khong the thuc hien nhung thi nghiem nhu v|y thi anh hucmg 
cua su dinh hudmg spi co the dupe xet den trong tmh toan bang nhung he s 6 
dinh hucmg. 

2.2.4. Cot lieu Ibn nhat 

Kich thude cua nhung hat cot lieu anh hucmg den su phan phoi cua spi va 
su dinh hudmg spi. Nhu vay, spi trong vtfa chi dupe phan ra bdi vat lieu min 
co the di chuyen tu do giua cac spi. Trong be tong, tat ca cac hat cot lieu 1dm 
hon khoang each trung binh giua nhung spi se lam cho spi bi von cue va la 
nguyen nhan gay ra su phan bo khong deu cua spi. Hieu ling nay tang ti le 
true tiep vdi kich thude hat va gay tac dong khong tot doi vdi tinh chat cua 
ca be tong tuoi lan be tong ran. 
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7 V y 

Hinh 2.11: Anh hucfng cua cdhat do doi v&i 
su dinh hudng sai va tinh cong tac cua sai 

Khoang 55% thanh phin be tong tieu chuin la nhung co hat nho hon 5 
mm. Day la thanh phan duy nhat trong be tong co the di chuyen tir do trong 
thoi gian dam chat. Nhung thi nghiem da chi ra ring, de sir dung sgi hgp It, 
the tich v^a trong be tong can phai xip xi la 70%; con lai 30% the tich bao 
gom nhung c5 hat trong khoang 5-10 mm. Nen tranh viec sir dung qua 
nhieu co hat trong loai be tong nay. 


2.2.5. Tinh chit cua be tong tuoi (co tron sgi thep) 

Hieu ro tinh chit cua qua trinh trOn be tong la rit quan trong va tao didu 
kien thuin leri trong cac cong tac lien quan trong qua trinh sir dung be tong. 
Be t6ng cot sgi kho tron Jin va kho do hon be tong thucmg. Tuy nhien, chung 
ta d6 dang khic phuc bang nhieu phuong phap. Tuy nhien cac phuemg phap 
vin phai dam bao tinh chat cua be tong cot sgi thep. Su sai lam co the din 
den ket qua la pha hoai thanh phin be tong va nhu vay se giy mat mat cucmg 
do va tinh deo cua be tong. Nhung tham so anh hucmg tori su thay doi trong 
tinh chat cua qua trinh tron be tong tuoi: 

- Kieu sgi 

- Ham lugng sgi 

- Cot li6u ldn nhit 

- Phuong phap dua sgi vao qua trinh tron 

Cac tham so nay dugc xac dinh bing thuc nghiem va co the di£u chinh 
bing each them vao be tong phu gia hoa deo hoac phu gia sieu deo. 

2.2.5.1. Tinh cong tac 

Tinh cong tac cua be tong cot sgi thep la rat quan trong trong qua trinh 
tron, d6 va dam chat be tong. Dac trung hinh hoc cua cac sgi thep va lugng 
nude cin thiet la mot van de anh huong mat thiet tori tinh cong tac cua be 
tong cot sgi. Phin nay se giai quyet van de lam giam do set cua be tong 
thong qua mot khai niem quen thuoc la do sut cua be tong. 
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Do s6t giam bdt vdi ham luqng sqi ngay cang tang thi den mot gid han 
nao do sir phln phoi soi trong be tong trong qua trinh tron se khong dat 3uqc 
ket qua nhu mong muon. Ngoai ra, nhi6u sqi se bi von cue va tao thanh 
nhung khoi clu neu qua trinh tr6n khong lien tuc, hoac sqi hoac ham lrqng 
cot lieu tho trong qua trinh tron cao qua. Doi vdi be tong phun va be tong 
berm bang vdi, hien tupng nay se lam tic nghen voi phun, voi berm g&y hau 
qua nghiem trong va gian tiep anh htromg den chit luqng cua cong trinh Mot 
vln de con quan trong hem la n6u cot sqi bi von cue trong qua trinh do hi se 
g^y ra hien tuqng khong dong nhat vat li6u, gly nhung hau qua khong Lrcmg 
trude duqc. Vi vay, tmh cong tac cua be tong cot sqi thep co vi tri rift quan 
trong doi vdi chat luqng cua vat lieu nay. 

Nhung nha san xult sqi cung cap nhung nguyen tic chu dao doi vd tinh 
cong tac. Dii vay, trong qua trinh sir dung vln cln phai duqc thi nghien d^ 
phu hqp vdi timg cong trinh cu the. 

2.2.5.2. Kha nang dam chat 

Be tong cot sqi thep yeu clu nhieu nang luqng dim chat horn be tong 
thong thudng. Neu cung mot thdi gian dim chat, ngudi ta thay d6i ham 
luqng sqi, thi so luqng 16 rong tang ti 16 vdi ham luqng sqi ngay cang tang 
(Hinh 2.12). De lam giam luqng 16 rdng do khong khi trong be tong thdi 
gian dam nen phai tang ti 16 thuln vdi ham luqng sqi (Hinh 2.13). Tuy ihien, 
th|m chi khi duqc dim chat, ham luqng 16 r6ng khi trong be tong cot sqi 
thep vln cao horn so vdi be tong thong thudng. 



Hinh 2.12: Tucmg quan giua the tich 16 rdng khi va ham luang coisch 
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C^n phai ghi nhd ring nhung qua trinh dam nen c6 the anh hudng sir dinh 
hudng spi. Vi du, neu sir dung dam dui thi se lam cho cdt spi bi chim xuong 
ben dudi. Nhu vay, tranh ap dung loai dam nay cho nhung ciu kien nhd, 
hep. Cung khong nen de theft giam dam qua lau vi nhu vay se lam cho vat 
lieu bi tach ldp va lam chim spi. 



Hinh 2.13: Thdi giati dam can thiet dot v&i be tdng cot soi thep 

Khi be t6ng cot spi thep dupe sir dung qua trinh phun be tong, qua trinh 
dim nen dat dupe thong qua nang lupng tac dong. Co mot su khac biet nho 
la ham lupng 16 r6ng khi giam di khoang 1% so vdi be tong cot spi thep 
dupe dam bing phuemg phap thong thudng. 

2.2.6. Tinh chat cua be tong cd't spi thep da hoa curng 

Cac spi thep dem lai cho be tong nhiiu tinh chat quy gia. Mot he thong 2 
pha cua be tong va spi thep la mot he thong dan hoi - deo. Uu diem chinh 
cua h6 nay la su phat trien cua kha nang chiu tai trude va sau khi hinh thanh 
vet nut trong cau kien be tong, khac han so vdi tinh trang cua be tong thudng 
sau khi da co vet nut dau tien. 

Trong cac ung dung lam mat dudng, mat san, lam ciu kien due sin, lam 
be tong phun, cac dng suit trong be tong dupe ph&n bo ngiu nhien va bi anh 
hudng bdi cac diiu kien dat tai dong hoc. Do do khong the xac dinh trudng 
ung suit thuc te va dat mot hay hai ldp cot thep d nhung vi tri co dinh trong 
khi ung suit thay doi tir tren dinh den day ca'u kien. Cac dieu kien dat tai nhu 
tai trong chu ky, bien doi nhiet do, lire cit, luc xung kfch, co ngot da phat 
trien su phin bo ngiu nhien ung suit trong be tong. 

Su phan bo ngiu nhien cac spi thep trong be tong dam bao ring ung suit 
dupe ph&n bo lai trong toan khoi vat lieu n6n be tong. Cac vi vet nut ma co 
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the phat trien them do ung suat se bi cac spi thep ngan chan lai trong toan 
the tlch vat lieu be tong cot spi thep cua cau kien. Nhu vay cac vOt nut nho bj 
khau lai trucfc khi phat trien thanh cac vet nut 16m hem ma co the gay hr hai 
cho ket cau. 


Tuy nhien can luu y rang viec thiet ke spi thep hop ly la yeu to rat }uan 
trong. VI du spi thep kieu Radmix la kieu spi dupe gia cong uon lupn iong 
dac biet. NhP vay chung truyOn tai trong mot each em thu$n cho vat liei nen 
be tong xung quanh va tao ra tinh deo cho be tong cot spi thep cao horn rhieu 
so v6i be tong thong thuomg. 

M6i cong ty san xuat spi thep lam cot cho be tong deu co nhun| thf 
nghiem nghien cum su cai thien tinh nang be tong cua cac loai spi thep da 
dupe san xuat va ban tren thi trubng. Tuy theo tieu chu^n cua be torg va 
ham lupng spi thep ma cac tinh chat vat ly cua be tong se khac nhau. C) the 
tham khao bang sau. 


Bang 2.1: Cac tinh chat vat ly cua be tong cot soi thep dung loai soi Radnix 


Cac tinh chat vat ly 

Hieu qua thu dupe 

M6 dun pha hoai (gay nut) 

bang gap 1 den 2 ldn so voi BT thuonj 

Cuomg d6 chO'ng cat 

bang ga'p 1,25 den 2 lan so vod BT thinng 

Cuomg do chong xodn 

bang gap 1,25 den 2 lan so vori BT thinng 

Kha nang ha'p thu nang lupng va cham 

bang gap 2 den 15 ldn so ved BT thuoig 

Dp bOn chiu moi 

bang gap 1,2 den 2 ldn so vod BI’ thuoig 

Dp bOn chiu mai mon 

bang gap 1 den 1,4 ldn so ved BT thueng 

Cac vet nut do co ngot bi ki6m che 

giam be rpng vet nut 

Dp bOn chong gi 

khOng phat hien an mon catot 


Tmh chat cua be tong dong cung dupe cai thien mot each dang ke tiding 
qua viec them mot the tich thich hop spi thep. Spi se lam viec co hieu qui nieu 
chung dupe lien ket theo phuong cua ung suat keo chu va neu khoang :atch 
giua cac spi cang nho cang tot. Nhan to quan trong nhat doi veri su hinh tiainh 
vet nul chinh la khoang each cue dai thuc te giua cac spi. Nhu vay, phanphoi 
va dinh huomg spi phai cang dong dang cang tot bed vi nhu vay se sansiinh 
tinh dong nha't vT mo va tinh chat dang huomg trong vat lieu. Day chinh k ainh 
hudng cua cac spi thep co the dupe khai thac trong thuc hanh, trong khithiuc 
te khong the thuc hien dupe viec kiem tra toan dien mot ket cau xay dung 
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Cac soi thep anh hubng den cubng do keo, cubng do cat va nen, tmh chat 
cua v6t nut va qua trinh bien dang cua be tong. Nhung sir bien doi nhung 
thanh ph&n khac trong qua trinh tron be tong hoac qua trinh sir dung be tong 
co the co anh hubng quan trong doi vbi tfnh chat nay. Dac trimg hinh hoc 
cua nhung cau kien va dieu kien thi nghiem cung co mot anh hubng quan 
trong va phai duoc tmh den bang cac he so tinh toan. 


Nhu be tong thong thubng, nhirng anh hubng cua moi trubng anh hubng 
dang ke den tfnh chat cua be tong dong cung. Anh hubng nay co the xuat 
hien do su boc hoi nubc be mat, do qua trinh rira troi be mat ngoai, do tai 


trong xung kich, tai trong lap hay cac tac dong hoa hoc khac. Neu bo qua 
qua trinh bao dubng be tong dubi nhirng tac dong tren co the rat lam suy yeu 


tinh chat cua be tong dong cirng. Nhu vay, bao dubng co mot vi tri rat quan 
trong de dam bao chat luong be tong. 


2.2.6J. Sit bien dang dan hoi 

Trong trang thai dan hoi khbng nut ne, tac dung cua soi trong qua trinh 
bien dang la cue tieu. Trong trubng hop ham luong soi thong thubng (thubng 
khong Ion hem 1% the tfch), ham luong cot soi thep trong mat cat ngang 
khong dang ke de tao nen mot anh hubng quan trong den tinh chat be tong 
du mo dun dan hoi cua thep cao hon. Hinh 2.14 mieu ta moi quan he giua 
ham luong soi va mo dun dan hoi cua soi vbi 1 = l crit 



Ham lirang s<J 


7 x 

Hinh 2.14: Anh huerng cua sai thep dua vao mo dun dan hoi, I - l crit 
Khi ham luong soi la 8% trong luong, mb dun dan hoi se tang nhieu nhat 
khoang 5%. Doi vbi chieu dai soi chua dat do dai gibi han, thi mb dun dan 
hoi se tang thap hon. Nhu vay, nhung tieu chu^n ve mb dun dan h6i va he so 
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Poisson cua be tong co cot se dupe tim thay trong nhung tieu chuan ci the 
cung dupe ap dung trong tinh toan nhung ca'u kien xay dung su dung be tong 
cot spi thep. 

2.2.62. Nict 

Anh huong quan trong nha't cua su ton tai cac soi thep trong vat liei nay 
chung co the dieu khien qua trinh phat trien vet nut. Chung lam charr qua 
trinh phat trien vet nut va khi vet nut md rong, chung co trach nhiem ±an 
phoi lai tai trong trong viing nut ne. Nhu vay, cac soi thep anh huong iang 
ke den trang thai bien dang cua mot cau kien be tong da xuat hien vei nut. 
Pham vi cua su bien dang phu thuoc hinh dang kieu soi va ham lupng spi, 
mat khac con phu thuoc vao tinh chat cua tai trong, vi du utig suat utn se 
gay ra bien dang deo trong khi ma dudi cung dieu kien do ling sua't dun^ t^m 
se gay ra su pha huy dot ngot. 

Cac spi thep cung cai thien qua truth phan phoi vet nirt. So lupng vet nut tang 
them nhung chieu rong va khoang each giua cac vet nut se giam di. Trong 
trubng hop chiu tac dong cua ung suat uon, su phan phoi vet nut trong be tong 
cot spi thep tot hon be tong cot thep thong thudng n6u ham lupng spi du. V iec 
tang cuong cot spi chu yeu lam tang them cudng dp sau nut cua be tong oon 
doi voi cuong dp truoc khi nut thi khong dang ke. Cuong dp truoc khi nu clhu 
yeu dupe xac dinh boi so lupng cua spi chur khong phai boi kieu spi. 

Trang thai sau pha huy cua be tong cung dupe cai thien mot each lang 
ke. Bien dang khi pha huy tang len tori 10 lan doi vdi vat lieu nen tiong 
thudng. Nhu vay se lam cho kha nang lam viec cua cau kien be tong cct s>pi 
thep tang them dang ke. 

22.6.3. Ifng suat keo 

Vi kha nang dac biet cua cac spi thep co the chong lai su hinh tham *va 
mo rong vet nut, su khac nhau trong qua trinh chiu irng suat keo giia Ibe 
tong cot thep thudng va be tong cot spi thep la hien nhien nhat. Tuy nlie n, 
quan trong la can phan biet su khac nhau nhung kieu ung suat keo ung 
suat dung tarn, ung suat uon, ung suat che) tir do se dan tori trang thai )i£'n 
dang khac nhau. 

De mo ta trang thai cua be tong cot spi thep dudi tac dung cua ungsuia't 
keo, ngudi ta can phai tien hanh cac thi nghiem. Thong qua cac thi nghern, 
ngudi ta mdi co the danh gia cac tinh chat vat lieu dupe true tiep ung (umg 
trong cau kien, chu y phai xet den anh huong cua nhung di£u kien ngoai /i. 


34 



22.6.3.1. ling suat keo dung tarn 

That khong dt dang dinh r5 trang thai cua b£ tong cot spi thep duoi tac 
dung cua ung suat keo dung tarn. Kho khan a day chfnh la qua trinh dat tai 
len milu. Xac dinh trang thai sau pha huy cang kho khan hon. 



0 0.04 0.08 0.12 0.16 0.20 0.24 (mm) 

06 md r6ng vfe't nirt 

Hinh 2.15: Quan he giua Ung suat keo va hien dang hoac be rong vet nia 

Ban dau, be tong cot spi thep chiu tac dong cua umg suat keo dung tarn 
mang tfnh cha't dan hoi tuydn tinh. VPi su hinh thanh nhtfng vet nut vi mo 
ling suat dupe tap trung tren spi trong nen vat lieu. 



Hinh 2.16 Dae trung tai trong - bien dang non trong tin nghiem 
keo dung tarn vdi tai trong phan ky 


a) Dudng cong trirdc khi nut; b) Duong cong sau khi nut; 
c) Su giam bat va su xet l^i tai trong khi vet nut xuh't hien 





Co che chuyen doi nay co the dupe thong qua qua trinh tang bien dang tai 
trong dat tdi gia tri cue dai. Khi tai trong cue dai lam cho bien dang ang 
them xap xi 0.1 %o, lam vSt nurt hinh thanh va cudng do keo suy giam. 



Bi6n dang 


Hinh 2.17: Vi du trong thi nghiem keo dung tam 
doi vdi be tong cot sai thep vdi tdi trong phan ky 

Cong thtre sau day dung de tmh toan cudng do keo trude va sau khi linh 
thanh vet nut: 



K, +K 2 V f — 
d r 



— - 

Pfi,z = K 3 tl + K 4 V f p WN 

d f J 

Trong do: 

Pfb.z : Cucmg do keo trude khi hinh thanh vet nut. 
pJJ, z : Cudng do keo sau khi hinh thanh vet nut. 

P b z : Cudng do keo cua be tdng thong thudng. 

p WN : Cudng do danh dinh trong thi nghiem mlu lap phuong. 

K,: He so giam kha nang ep (nen) vi su co mat cua cac soi thep. Gii tri 
nay gitfa 0.9 va 1.0 cho loai scri thing va nhln. 
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K 2 : He s6' cho trang thai dinh hucmg va li6n ket spi. Gia tri nay khoang 
0.20 den 0.30 cho loai sen thang va nhan. 

K 3 : He so cho tlnh chat lifcn ket spi, sir dinh huong spi va tinh cung cap 
cua soi. 

K 4 : He s6' neo. 

V f : Ham lirong soi tmh theo ti le the tich. 

L f : Do dai soi. 
d f : Ducmg kinh spi. 

Cac he s 6 K dupe xac dinh b&ng thi nghiem. 


22.6.3.2. Lfng suat uon 


Thi nghiem uon 



•mhrr 
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Bien dang Ung suat 
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Hinh 2.18: Suphan phoi lai tfng suat trong 
be tong cot soi thep khi chiu tai trong uon 
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Ung suat uon khac ling suat dung tarn ve qua trinh bien dang. Khi chiu 
ung suat dung tam, toan bo mat cat tiet dien cung tham gia chiu luc, bieu do 
bieu di6n qua trinh bien dang la mrit hinh chtr nhat, trong truring hop chiu 
ling suat uon, mat cat ngang tiet dien phan lam 2 viing keo va nen. Nhu vay 
bieu do bien dang cung phan lam 2 vung keo va nen (Hinh 2.18). 

TCr do chung ta co the thay rang be tong cot spi thep se phat huy tac 
dung trong truring hop ket ca'u chiu uon. Trong truring hop thong thuring, 
khi curing do ling suat uon tang len, true trung hoa cua tiet dien se nang 
ddn 16n, dien tich tiet dien chiu nen se giam dan, trong thdf chiu keo, ling 
suat keo dat den curing do chiu keo khi uon cua be tong va vet niit hinh 
thanh, mo rong den gia tri cue dai va ket c^u bi pha hoai. Nhung doi vrii be 
tong cot spi thep, khi ling suat keo trong tho be tong chiu keo dat den gia 
tri cue dai, vet nut xua't hien thi cot spi thep se khong cho vet nut mo rong, 
cot spi se lam tang kha nang chiu keo cua tiet dien, va luc nay mot su can 
bang mrii dupe thiet lap. 



Hinh 2.19: Thi nghiem ting suat uon cua be tong cot soi thep 


Tren co so cua co che nay, khong giong be tong thong thuring, be tong 
cot spi thep co kha nang chiu tai trong tot hon. Hinh 2.19 chi ra su khac 
nhau khi chiu tai trong uon gitfa be tong thuring va be tong cot spi thep. 
During (1) cho thay su pha huy cua be tong thong thuring, trong do su pha 
huy xua't hien sau khi curing d6 vet niit vupt qua gioi han cho phep. Cac 
during con lai chi ra su pha huy cua be t6ng cot spi thep va cho thay su khac 


nhau gitfa cac mau thu be tong cot spi thep khac nhau ve the tich spi va kiriu 
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sqi. Sir giam sue chiu tai khi cudng do vet nut vuqt qua gidi han cue dai cua 
loai miu thir bieu didn tren dudng (2) la do: 

- Ham luqng soi nho, xap xi 0.7 % the tfch; 

- Kha nang lien ket cua sqi vdi nen vat lieu kem; 

- Do dai sqi qua Ion lam cho sqi bi cat dut trude khi sqi phat huy het kha 
nang chiu keo cua no. 

Dudng (3) va (4) dat duqc vdi cac loai sqi co tfnh lien ket tot va kha nang 
chiu keo cao do duqc be hai dau hoac uon moc. 

2.2.63.3. ling suat che 

Gia cudng sqi thep trong be tong lam cho cudng do nut bi phan chia khi 
ket c<fu chiu cuong do keo dung tarn. Cudng do vet nut duqc cai thien 
khoang 30 % khi ham luqng sqi khoang 8 % trong luqng. Nhung gia tri nay 
dat duqc dbi vdi ca mlu lap phuong lan mau hinh tru. Thf nghiem che ph£n 
ldn cho tha'y kha nang chiu tai cua mau thir giam manh khi ung suat che vuqt 
qua giefi han cho phep, trong khi nhung thf nghiem vdi cudng do uon cho 
tha'y mot trang that mem dec vat lieu. 

2.2.6.4. ling suat nen 

2.2.6.4. J. Cudng do ban ddu 



Hinh 2.20: Cudng do ban dau cua be tong cot soi thep 
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Ngay sau qua trinh san xuat, be tong da co the chiu iuc. Trong trang thai 
nay, xuat hien su tang tuong doi trong cuomg do vao giai doan d&u. Trong 
khi be tong vin con phat tri6n cucmg do cua no, cac scfi thep da chong lai su 


bien doi c£u true va lam tang kha nang chiu luc ban d&u cua vat li6u. Hinh 
2.20 bieu diin su phat then cucmg do cua be tong phun cot stfi thep, cc the 
nhan thay ring cuomg do sdm tang them 300%. 


2.2.6A.2. Be tong dong cutng 



Hinh 2.21: Anh huang cua the tich spi trong moi 
quan he giua tai trong va bien dang cua mau thu be tong cot sqi thep 



•> 

Hinh 2.22: Anh huang cua (l/d) trong moi quan he 
giua tai trong va bien dang cua mau thu be tong cot soi thep 
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Ung sua't nen cue dai cua be tong cot sgi thep of trang thai ran khdng tang 
nhidu so vcri be tong thong thuang. Cucmg do chi co the tang nhieu nhat 
khoang 30 %. Hinh 2.21 va 2.22 cho thay moi quan he giua be tong cot sgi 
thep vai ty le ham lugfng sgi va ti le (1/d). 

Hieu ung cua cot sgi thep doi vdi vet nut dat ca so chu yeu ve viec ngan 
ngua qua trinh ma rong vet nut han la lam tang kha nang chiu ung sua't nen. 
Chung cung cho thay nhung cai tien quan trong doi vai trang thai sau pha 
huy, tinh deo cua be tong cot sgi thep cung dugc tang dang ke so vai trong 
be tong thong thuang. Dieu do rat co lgi trong truemg hgp chiu tai trgng 
dong va tai trgng xung kich. 

2.2.6.5. tfng suat cat 

Cung nhu doi vai be tong thong thuemg, cuang do cit cua be tong cot sgi 
thep cung chinh la cuonig do keo cua vat lieu. Nhung cau kien be tong c6t 
sgi thep khong tang cuang cot thep thanh cung rat kho bi pha huy du6i tac 
dung cua ung suat cat thong thuang ma thuc chat sue cang hoac ung suat 
uon thong thuang la chia khoa gav ra sir pha huv. Mot so thi nghiem da chi 
ra rang su co mat cua cot sgi thep da lam tang dang ke kha nang chong cat 
cho vat lieu. Kha nang tang sue chdng cat cc5 the dugc giai thich bai nhung 
nhan to sau: 


- Cac sgi thep phan tan ngau nhien trong n6n vat lieu be tong va phan bo 
day dac trong ket cau hem c6t thep thanh thong thuang. Nhu vay, chung co 
thd true tiep lam cham qua trinh phat trien vet nut; 

- Cac sgi thep lam vice ngay tir vet nut dau tien va tang cuang cucmg dC 
keo tdfi han cua be tong; 

- Chi6u rong vet nut giam xuong. 

Ca sa cua qua trinh phat trien vet nut con do nhi6u nguyen nhan khac, 
tuy nhien, day cung la mot su cai tien quan trong doi vdfi qua trinh phan 
ph6'i vet nut. Nhu vay, cubng do v6't nut dau tien cua be tong cot sgi thep 
cao hem so vdfi be tong cot thep thong thudng. Thong qua mot so thi 
nghiem, ham lugng sgi thep vao khoang 1% the tich co the tranh dugc su 
pha huy dot ngot cua ung suat cat. Tuy nhi£n khong the hoan toan tranh su 
pha huy cat dii the tich cua nhung sgi dugc tang. Nhu vay, chung ta co th£ 
thay rang viec tang cuong be tong bang cot sgi thep co tac dung lam tang 
kha nang chong cat cua be tong, dong thefi co the tranh dugc su pha huy 
dot ngot cua ung suat cat. 
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22.6,6. Tinh deo 

Trong khi be tong thong thurdng thi rat gion va rat nhanh pha huy, trong 
nhieu trucmg hop cua ling sua't, tham chi sau khi da virpt khoi tai cue dai va 
su bien dang ngay cang tang, kha nang chiu tai cua be tong cot spi thep vln 
chua dung han. Tinh chat nay co th£ dupe dinh nghTa boi tinh deo, tuong umg 
v6i doan sau cua do thi tai trong - bien dang. Nhu v|y, tinh deo la mot tham 
so co ban doi vdti tinh chat cua be tong cot spi thep. Vi vay, tinh deo la mot 
tinh chat rat quan trong cua vat lieu trong nhung trubng hop ket cau chiu tai 
trong dong, tac dong cua song, v.v... 



Hinh 2.23: Minh hoa su phat trien tinh deo phu thugc ham luang son 

Dac biet, tinh deo trong ddm chiu uon rat noi bat. Cac thi nghiem doi vdi 
mau d£m chiu uon cho thay tinh deo boc 16 kha cu the, cac d^m khi chiu 
udn se khong bi pha huy dpt ngot, vet nut phat trien cham hon rat nhieu va 
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mill khong pha huy hoan toan, ngugc Iai, doi vdi mlu doi chung khong c6 
c6't sgi thep, pha huy rat dot ngot, mlu thu bi pha huy hoan toan. 

2.2.6.7. Do ben chiu va dap 
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Hinh 2.24: Moi tuong quan gift a hinh dang, 
ham luqng sai vdi cudng do lac dong cua be tong cot sqi thep. 

Kha nang chiu tac dong xung kfch va dap cua be tong cot sgi thep cao 
hon dang kei so vcfi be tong thong thudng. Nguyen nhan la do kha nang chiu 
keo va kha nang lien ket giua cot sgi thep va nen vat lieu cua sgi. Khi luc 
xung kich tac dong, chung se dugc phan nho den cac phan vat lieu. Nhung 
thf nghi6m kiem chung cho thay ring kha nang nay phu thuoc vao cau true 
cua vat lieu, tut la phu thuoc vao hinh dang cua sgi va ham lugng sgi trong 
vat lieu. 

Tht nghiem vdi nhung ban be tong ke bon canh (4x4x0.15m) dung be 
tdng cot sgi, tai trong tac dung la mot qua nang nang 1.3 tan, keo len do cao 
20 m roi tha roi tu do. Doi vdi ban be tong thudng, su pha huy didn ra dot 
ngot, con doi vdi ban be tong cot sgi thep, su pha huy giam mot each dang 
ke, cac sgi thep giu cho cau true cua vat lieu lam viec cung nhau. 
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2.2.6.8. Tac dung cua nhiet do cao 

Sir co mat cua soi thep trong be tong anh hirong den tinh din nhiet cua vat 
li6u, va co the lam tang tinh din nhiet cua vat lieu len tdi 40 %, mac du be 
tong cot soi thep co the tich 16 r6ng cao hem. Tuy nhien he so no dai vi nhiet 
chtia bi anh huong b6i sir co mat cua soi. 

Duoi tac dong cua nhiet do cao, be tong c6t thep thubng chi chiu duoc den 
mot gioi han nhat dinh khi lop be tong bao ve bi pha huy, con doi vdi be tong 
cot soi thep, do diroc phan tan trong toan bo ket clu nen duoc bao ve tot hon. 


2.2.6.9. Co ngot 

Be tong khi dong ket trong khong khi se co xu hudmg co lai. Nguyen nhan 
la do cac phan ung thuy hoa trong khi hinh thanh cubng do cua be tong. Doi 
vdi be tong cot soi, trong qua trinh diln ra sir co ngot, cac soi thep se han 
che dang k i qua trinh nay. 



1 2 3 4 5 10 20 30 40 50 100 200 ("9^) 


Thdi gian 


Hinh 2.25: Bieu do so sank bien dang co ngot cua cac loai be tong cot soi thep 


2.2.6.10. An mon soi thep 

Sir an mon thep la mot qua trinh xu£t hien khi moi trubng ho xi mang bao 
ve soi bi pha huy dirori tac dung hoa hoc hoac neu cac soi thep tiep xuc true 
tiep vdi moi truong ben ngoai tai vi tri vet nut. 
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2.3. MOT SO NGHIEN CUU VE ANH HU&NG CUA COT SOI DEN 
DAC TINH CUA BE TONG COT SOI NOI CHUNG 

2.3.1. Dat van de 

Trong phan nay trinh bay mot so nghien cun ca hoc cua be t6ng cdt spi 
noi chung, trong do ke ca cot spi thep va cac cot spi khac. 

Be tong cot spi la loai vat lieu h6n hpp cua hai hay nhieu thanh phan khac 
nhau, co cac tlnh chat dac biet ma cac vat lieu thanh phdn khong co va givr 
nguyen mot so tlnh chat co Ich khac cua chung. 

Trong llnh vuc be tdng cot spi, cac vat lieu nen co chat ket dlnh tuf vu:a xi 
mang dupe gia cudng bang vat lieu cdt (dang spi, dang hat...), goi la vat lieu 
composit hay vat lieu to hpp. Sir ket hpp do nham han che khuyet didm cua 
vat lieu nay bang uu diem cua vat lieu kia, tao ra san ph^m mPi co tlnh nang 
ca II han han vat lieu ban dau va ngoai ra con co the ha gia thanh san ph&m 
khi sir dung vat lieu truyen thong co tlnh nang ca hoc tuang duang. 

Thong thubng vat lieu cdt co cac tlnh chat ca, hoa va II cao han vat lieu 
ndn. Vi vay vice dua vat lieu cot vao n6n nham muc dlch phan tan cac di^m 
chiu irng sua't tap trung tren n6n sang cho cdt, lam tang kha nang chiu luc 
cua vat lieu. Con vat lieu nen be tong dong vai tro chat lien ket cac cdt lieu 
don, chuyen chat don tu dang rdi rac thanh vat lieu lien tuc, lam tang tlnh 
nang su dung. 

Sir tuang tac giua spi va vat lieu nen la tlnh chat ca ban co anh hudng de'n 
sir hoan thien cho vat lieu nen cua be tong cdt spi. Phan tlch ve su tuang tac 
giua chung se danh gia su tham gia, gia cudng cua spi va de du doan kha 
nang ca hoc cua be tdng cdt spi. Mot so nha khoa hoc da nghien cun tr6n 
cac khla canh cua sir tuang tac nay. Nhieu yeu to co anh hudng den su tuang 
tac giua spi vdi vat lieu nen: 

- Didu kien, trang thai ciia vat lieu nen: khi chua nurt hay da nut; 

- Hdn hpp: thanh phan vat lieu ndn; 

- Hinh dang spi, chieu dai spi, loai spi; 

- Huang spi: dang hudng hay phan bo nglu nhien; 

- Ty le the tlch spi sir dung. 

- Hieu qua cua spi la nang cao tlnh chat ca hoc trong vat lieu ndn dupe 
thdng qua 2 qua trinh: 

- Qua trinh truyen tai trong tir vat lieu nen sang spi. 
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- Sir anh hucmg b&c cau cua spi qua vet nut cua vat lieu n6n phat sinh khi 
tang tai trong. 

Nghien cuu, danh gia moi quan he tuong tac giua v&t lieu cot va vat lieu 
nen la co so de tim kidm ti le pha tron vat litu hop ly va cac dac trung co ly 
cua vat lieu composit phuc vu cho viec su dung cung nhu tlnh toan su lam 
viec cua vat lieu nay. 

Trong viec su dung be tong cot spi, tuy theo trang thai chiu luc va tinh 
chdt lam viec cua ket cdu ma ngubi ta phan ra lam hai loai chinh do la be 
tong cot spi dong phuong hay be tong cot spi ph&n tan. 

2.3.2. Xac dinh cac dac tinh cua be tong cdt spi d6ng phuong 

Ta biet ding, viec xac dinh cac dac tmh cua be tong cot spi dong phuong 
thuc chat chmh la bai toan xac dinh cac mo dun dan hoi cua mot vat lieu 
composit dong phuong, gom viec xay dung cac bieu thirc cua cac mo dun 
doc lap khi da biet cac dac trung co hoc va hinh hoc cua cac vat lieu thanh 
ph3n: mo dun dan hoi cua spi, chat ket dinh vua xi mang, ty le khoi lupng 
spi, do dai spi... 

Co tinh cua spi va ch^t ket dinh n£n dupe dac trung bbi cac m6 dun dan 
hoi va he so poisson, ky hieu tuong ung la E s , v s , va E n , v n . 

Tuy theo chi6u dai cua cot spi, ph&n ra cac trubng hop spi co chi^u dai vo 
tan (lien tuc), va spi ngdn. 

2.3.2.1. Trit&ng hop soi co chieu dai lien tuc 

De xac dinh mo dun dan hoi, ta gia thiet be t6ng cot spi li£n tuc dupe 
khao sat thoa man mot so dieu kien sau: 

- Spi c6t dai vo tan, phan bo d^u va dinh hubng theo mot chi^u song song 
vbi nhau. 

-Thanh pMn va to chdc cua vat lieu lam nen dupe dam bao hoan toan 
dong nhat. D6i vbi vat lieu lam cot dieu kien nay cung dupe thoa man. 

- Lien ket n£n - cot dupe thuc hien mot each hoan hao, dam bao sir bien 
dang cua cot va nen xay ra dong thbi, khi do bien dang cua be tong e c bling 
bien dang cua spi s s va b4ng bien dang cua n6n e n : 


S c — £ n — £ s 


Nhu vay, khi dat tai trong theo chieu song song voi true spi (hinh 2.26), 
tir di6u kien li£n ket hoan hao giua nen va cot ta co: 

P = P + P 

hoac ct c . F c = a b .F n + a s .F s ; 
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bien doi theo th£ tfch ta dugc: 

c c . Fc = a s .V s + a n .(l-V s ); 

Trong do: 

P c , P n , P s : luc tac dung len be tong cot sgi, len n6n va sgi; 

F c F n F s : dien tlch tiet dien ngang tong cong tuong ling cua be tong cot 
sgi, nen va cot sgi; 

V n V s : the tich cua vat lieu nen va cot sgi; 

a t , a n , a s : ung suat trong be tong, nen va cot sgi tai then diem cot sgi bi 
dui. Theo dinh luat Hook a = 8. E, ta co: 

E c = V s . E s + (1 - V s ). da n /de n (2-1) 



Hinh 2.26: Be tong cot sgi dong phtfo’ng 


Trong do: da n / de n la dd nghieng cua duong cong bien dang keo cua nen 
dugc xac dinh tai gia tri o n . Khi gia tri o n nam trong viing dan h6i cua duemg 
cong keo, da n /ds n co gia tri bang mo dun dan hoi cua n6n E n 

Nhu vay, trong vimg dan hoi thu^n tuy bieu thuc (2-1) co dang: 

Ec - E S .V S + E n . (1- V s ) (2-2) 


23.2.2. Trudng hop soi co chieu dai gioi han (chieu did ngan) 


23.2.2.1 .Tinh toan chieu dai scti gioi han va modun dan hoi 
Trong thuc te cac sgi cot thuemg co chieu dai gidfi han, do vay can phai 
tinh den “hieu ung dau mut”. Do la hieu irng phu thuoc vao yeu td hinh hgc 
sgi cot, gay anh hucmg rat manh den do ben be tong cot sgi. 


Nen 

a 



a 


Hinh 2.27: So do bien dang nen khi dat tai vao be tong cot soi ngan 
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Tren hinh 2.27 ta th&y dudi tac dung cua umg suat, su bien dang cua ndn 
dijmg lai d mut sgi. Dieu nay cung co nghia la tai vung dau mut sgi, hien 
tugng truyen tai trong tu n£n sang c6t khong xay ra. 

Neu sgi ngan qua, tire la chidu dai nho hon chi6u dai tdi han (Lth), thi khi 
cudng do cua luc tac dung len mau composit tang len se khong xay ra hien 
tuong dirt sgi ma luc nay chi co the xay ra kha nang la khi cudng do luc tac 
dung du ldn, vugt qua mot gia tri cho phep, sgi cot se bi keo tuot ra khoi 
n^n. Nhu vay do b6n cua cot sgi khong dugc tan dung va ket qua la composit 
rat kem ben. Chi trong trubng hgp chilu dai sgi vugt qua chi£u dai gidi han, 
thi no mdi bi pha huy trong miu composit khi luc tac dung vugt qua gia tri 
cho phep va luc nay vai tro cua sgi cot mdi dugc phat huy va lam tang d<) 
b£n cua v^t lieu composit. 

Hinh 2.28 chi ro su chuyen dich bien dang va ung suat tu n6n sang cot 
trong mlu composit co mot sgi co do dai L = 21. Khi dat vao mlu ung suat 
ct c , lap tdc mot ph£n gia tri dng suit nay (a s ) dugc chuyen sang cot do sir 
truyen tai xay ra d vung ranh gidi nen - cot thuc hien nhb ung suat tiep x. 


a) 



Bieu do t quy irdc 


b) 


c) 



Hinh 2.28: Seri cot dai 21 trong nen deo: a) Hieu ung dau mut khi compozit chiu tai; 
b) Phan bo ting suat tiep tren ranh gi&i cot - nen; c) Phan bo \(ng suat keo trong scri. 

tJng suat tac dung trong nen tang theo su tang cua o c . Den khi dat gidi 
han chay, bien dang deo n6n bdt d£u xay ra trude het tai cac vung d<iu mut 
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sgi (hinh 2.28a). Theo muc do tang them ct l ., bien dang deo trong nen cung 
tang theo va phAn tai truyen sang cot cang ldn. Qua trinh tiep tuc cho den 
khi irng suat trong cot sgi dat cr s thi sgi dut. 

Tren hinh 2.28c chi ro ting suat truyen tir nen sang cot tang dan tir hai <Mu 
mut sgi cot (cac doan AB va CD) dat gia trj cue dai va khong d6i (doan BC). 
De don gian ta gia thiet bilu do cua x va a s co dang nhu difdng dut net. 

Xet 1 mdu cot sgi co chieu dai dx, dugc cat trong vung AB n4m can bang 
ducri tac dung cua ung su^it nhu hinh 2.29. 



Hinh 2.29 : Can bang Ung suat trong doan cot chieu dai dx. 

Tir dieu kien can bang ta co: 

Fir 2 da s = - 2FIr xdx (2-3) 

De dan gian va rut gon, co the viet: 

da s / dx = - 2 t / r (2-4) 

Tich phan phuang trinh nay va chu y dieu kien bien (a s = 0 khi x = 1), ta co: 

a s = 2 (t / r)(l-x) (2-5) 

Tai doan trung tam BC thoa man dieu kien: 

-1(1 -q)<x<l(l-q) (hinh 2.29c), 

Ung suat keo a s trong sgi dat max khi: 

a s max = 2q.Sx (2-6); 

Trong do: q = L^/L, dai lugng dac trung cho hieu ung dau mut trong 
composit cot sgi co chieu dai gidi han. 

Goi: S = L/d = 1/r - la yeu to hinh hoc cua sgi. 
r - la ban kinh cua sgi. 

Trong thuc te, mlu be tong khong chi chua mot cot sgi nhu mo hinh vira 
neu, ma tap hgp rat nhieu cac sgi xep song song vdi nhau. Neu ta cik bAng 
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mot mat phang P nao do vuong goc voi true miu composit, thi no se cat 
vuong goc vdi cac spi cot theo nhung vi tri khac nhau (so vdfi dau mut cac 
spi cot) hoac 6 gan dau mut (tren cac doan AB va CD) hoac 6 vung trung 
t^m (tren doan BC). Do vay ung suat tac dung len cot cua mlu tai tiet dien 
ung v6i mat phang P dupe ky hieu bang a s lh la dai Iupng trung binh cua cac 
gia tri ung suat tren tiet dien cua tung spi cot voi chfnh mat phang do. 

Gia tri ung suat nay dupe xac dinh theo phuefng phap trung binh, tuc la 
lay dien tfch hinh thang ABCD chia cho chieu dai spi 21 (hinh 2.30a). 

Nhu vay ta co: 

a s lh = a s max (1 - q/2) (2-7) 

Ap dung quy tac h6n hop, co the’ viet: 

a c = V s a s tb + (l-V s )o; h (2-8) 

Trong do: o s lb : ung suat trung binh tac dung len n6n. 

Ket hop (2-7) va (2-8) ta dupe: 

o c = V s o s max ( 1 - q/2) + (1 - V s ) a n lb (2-9) 


Khi gia thiet la nen con dang trong vung bien dang dan hoi, tuc la o n lb 
nho hon gioi han ty le cua vat lieu n6n, thi tai vung trung tarn cua spi bien 
dang cua nen va cot luon bang nhau, tutc la: 

8 = o s max /E s = o n lb /En (2-10) 

Ket hop (2-6) vPi (2-9) va (2-10) ta co: 


CT c = [V S E S +(1-V s )E n 


8 - 


V s Es 2 ^ 

4xS 


( 2 - 11 ) 


Khi q = 1 (hinh 2.30b), ung suat tai trung diem cua spi dat cue dai o s max . 
Day chfnh la trubng hop toi han, spi bat dau phat huy vai tro tang ben trong 
composit. 

Gia thiet a s max = (a h ) s , tu (2-6) ta rut ra tri so tdi han cua yeu to hinh hoc 
cua spi: 

Dat: S* = (o b ) s / 2t (2-12) 

Dp dai tdi han cua spi: 

L lh = S*ds = [(o b ) s /2x].ds (2-13) 

Khi S > 10S*, ta co o s lb = 0,95 (o h ) s , tuc la tfnh chat cua be tong cot spi 
trong truong hop nay dat grin nhu be tong cot spi lien tuc. Do vay neu be 
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tong cot sqi thoa man dieu kien S > 1 OS*, thi no dupe coi la be tong cot spi 
lien tuc, ngupc lai coi nhir la be tong cot soi ngan. 

Dirdi day xet 2 trirong hop dac trung: 

- Truong hop 1: q < 1 va S > S* 

Neil S co gia tri rat Ion, tire la sqi rat dai va dubng klnh ciia no nho. tu 
(2-11) ta co: 

a u =[V,E s +(l-V s )EJe t (2-14) 

tir do rut ra: 


E c = /e = V, E s + (1 - VJ E n (2-15) 



Hinh 2.31 : Ba truang hap dac trung phan bo ung suat trong son 
gian doqn khi compos it bi keo 

a) S > S' - soi bi durt khi a, = (C7 h ) s ; 

b) S = S’- sai bi dirt khi a s = (a h )„; 

c) S < S' - spi khong bi din 

Nhir vay mo dun dan hoi E c cua composit cot soi co do dai ldn. .mg 
kinh nho phu herp vpi quy tdc h6n hop. 
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Khi S tien tdfi gia tri vo cung ldn, spi se dut tai gia tri a s max = (a h ) s va do 
gian dai pha huy cua mlu be tong cdt soi s c bang gia tri do gian dai pha huy 
cua soi s s . 

Luc nay tir (2-11) ta co: 

o c = V s a s + (l-V s )E n 8 s (2-16) 


Vi E n s s = E n s n = a n , nen cong thufc (2-16) chinh la cong there xac dinh 
(a h ) t cua spi co chieu dai lien tuc, nghla la: 

= V,cr s + (I - v s ) a„ 

Trudng hop S khong 1cm lam, gidi han ben cua be tong cot spi man theo 
bieu there (2-11), nghla la quan hd phu thudc giua dng sua't va bien dang cua 
vat lieu be tong cot spi khong con tuydn tinh va dudng cong a = f(s) se cang 
ha tha'p, khi S cang nho. 

- Trudng hop 2: q>l va S <S* 

Neu S = 1/d < S*, thi dd dai cua spi cot qua ngan, nen gia tri cue dai cua 
ung suit chuyen sang cot khong the dat tdfi gidi han bdn cua spi (a b ) s . 

Vdi gia tri q = 1, ket hop bieu there (2-6), (2-7),(2-9), (2-10) ta co: 

cr c = V s S x + (1 - V s )E n s (2-17) 

hoac: ct c = V s S t + (1 - V s ) o n (2-18) 

Day la bieu thuc bieu didn quan hd phu thuoc giua o n cua be tong vdi 
ham lupng va dac tinh cua cdt ndn khi L ^ L^. 


2.3.3. Xac dinh cac dac tinh cua be tong cot spi phan tan 




Cot spi lien tuc, d6ng phircmg C6t soi ngan phan tan 

Hinh 2.32 
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(3 tren da khao sat do ben, cung nhir mo dun dan hoi cua vat lieu to hop 
khi cac spi ngdn xep song song deu dan theo mot chidu thong nhat triing vdi 
chidu cua ting suat (hinh 2.32a). Trong trudng hop cot spi ngin (cot spi phan 
tan) phan bo hoan toan nglu nhien khong theo mot phuong va khong theo 
mot quy luat nao ca (hinh 2.32b), de xac dinh m<5i quan he giura dac trimg 
hinh hoc spi den tinh chat cua vat lieu to hop, ta phai xac dinh dupe chieu 
dai tdi han cua spi cung nhu mo dun dan hoi (mo dun hieu qua) cua vat lidu 
to hop. 

Trong truong hop cot spi co chieu dai lien tuc nhu da trinh bay 6 phan 
tren, dudi tac dung cua luc keo P du Idn, ket cau se bi nurt tai mat cat I-I, tat 
ca cac cot spi dat song song, lien tuc trong ket ca'u se chiu luc la P = o s .F s . 
Neu nhu P ^ R S .F S , ket ca'u van con kha nang lam vide. Khi P > R S .F S , cac spi 
nay se bi durt va ket cau se bi pha hoai. 

Tuy nhien, trong truong hop cot spi phan tan (co chieu dai xac dinh) khi 
chiu luc thi khong phai tat ca cac spi ddu tham gia chiu luc ma chi co mot so 
cac spi bi cat bdi mat phang pha hoai (vet nut) mbi tham gia chiu luc, cac spi 
nay khi tinh toan tham gia chiu luc phai xet den xac sua't giao nhau cua spi 
voi mat phang tinh toan (mat phang pha hoai), va hudng cua cac spi do bo tri 
h6n don, nen phai dupe quy doi theo huomg tuong duong voi mat phang tinh 
toan. Du mat phang tinh toan co cat mot cot spi nao do, nhung neu chieu dai 
neo giu cac cot spi nay khong du, thi khi chiu luc tac dung v§n co the bi keo 
tuot ra khoi nbn va khi do cac cot spi nay van khong tham gia chiu luc. Vi 
vay C£tn phai xet tcri chieu dai tdi thieu cua spi neo trong nbn. 

Nhu vay, khi tinh toan cac cau kien v6i viec bo tri cot spi phan tan, ta 
phai quy doi cac cot spi theo hudng tuong duong, va phai xet cac phan tir cot 
phan tan theo tung giai doan xep tai khac nhau cua chung. 

Su quy doi cot spi theo huong tuong duong dupe dua ra bdi he so tuong 
duong Xjj. Nhu vay noi luc trong cot spi khi bi cat bdi mat phang tinh toan se 
la o s .V s . (vdi X a ^ 1). He so X ld lay bang X {d = X c X ih X n . 


Trong do: 

X c : la he so tuong ung khi xet tdi xac sua't giao nhau cua mat phang tinh 
toan vdi cot spi; 

A. dh : la he so ke den xac suat lech hudng cua cac spi, nay chuyen theo 
hudng cua luc tac dung trong mat phang tinh toan; 

X n : la he so xet den xac suat cua cac spi dupe neo giu trong ndn. 
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Hinh 2.33: Dang hinh hoc phan bo scri cat qua mat phang tinh toan: 

1) Mat phang tinh toan; 2) Trong tam scri; 3) Mat phang cat qua; 

4) Be mat tiet dien cau; 5) Di(dng cat qua trong tam scri. 

Qua cac thi nghiem, de tim ra dugc quy luat chung phan bo sgi, xac 
dinh tim cac gia tri A. e , X. dh , X n va tren co sb phan tich mlu xac dinh, co tinh 
den sur dinh huong cua cac sgi phang va hinh khoi khong gian mot each ter 
do. Ta coi su bo tri cac sgi la dinh hirong phang tu do khi cac sgi n^m trong 
ciing mot mat phang, trong mat phang nay chung phan bo theo cac huong 
khac nhau va sdp xep voi cung mot do day dac va khong bi uon cong. Ta 
coi sir bo tri cac sgi la dinh huong hinh khoi tu do khi chung tao ra cac 
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phirang blng nhau, dupe bo tri nhu nhau trong the: tich, tren cung mot mat 
phing khi khong bi uon cong. Gia thiet tren cung dupe ap dung khi cac spi 
co hudng trong khong gian (trong thanh phln the tich). D6 co the ket luan 
ve moi quan he giua cac he so dua ra, chung ta cln luu y tdi cac spi ma 
trong tarn hinh hoc cua chung dat trong khoang each a tu mat phing tinh 
toan khi a < IJ2 (hinh 2.33a), khi a > IJ 2, cac spi co dinh hudng tu do se di 
qua mat phing. 

Ngudi ta cho ring so lupng cac spi chay qua mat phing tfnh toan la 
khong co gidi han va cac spi giu nguyen do dai cua chung (khong bi uon 
cong) trong bat ky tinh huong nao. Viec dat spi ia tuy y, tuy nhien chung 
cung theo cac quy luat nhat dinh. Chung ta tap hop va chia nhom tat ca 
cac spi phan bo trong khoang each a tu mat phing tinh toan, do cac spi 
dupe dinh huemg bang nhau ve tit ca cac phia vdi viec dinh huemg hinh 
khoi tuy y, chung ta se co dupe nhung hinh cau. Ta dat nhung khoi cau 
nay theo mot trat tu nhat dinh, phu thuoc vao khoang each tdi mat phing 
tmh toan, nhu da chi ra o hinh 2.33b. So lupng cac hinh cau la Ion khong 
giefi han. Cac trong tarn cua chung dupe dat tren mot dudng thing dd 
dam bao su phan bo spi nhu nhau (vdi cung mot do day dac). Mat phing 
tinh toan se clt mdi hinh tron (hinh cau) mot lln (hinh 2.33c). Noi 
chung, ta co th6 tudng tupng di(^u nay dudi dang mot hinh cau co ban 
kinh R = IJ2 bi cac mat pM"g song song clt ngang. Cac mat phing nay 
bo trf blng nhau vdi cung mpi khoang each theo chieu dai dudng kinh 
cua hinh cau (hinh 2.33d'. 


Trong hinh cau nay ' h-ong cac spi chay qua mat phing j-j so vdi so 
lupng chung cac -pi (hirh ,2.33a) blng ty so giua the tich cua hinh quat 
cau v d» thP tich A nufa hinh vlu .v...Doi vdi dinh hudng hinh khoi tuy 


y, ta co 


v .linhquat 
^1 /2c3u 


21TR 2 h; 


2nR- 


R 


R 


R 


(2-19) 


Cac so lieu thudng dung trong (2-19) dupe bieu thi trong hinh 2.34a. Dd 
xac dinh he so xet den su dinh hudng cua cot spi, ta clt cac spi bdi mat 
phing tinh toan j-j, goc a ( giua spi vdi dudng vuong goc qua mat phing tinh 
toan lay trong gidi han 0 < a, < a } . Hinh chieu cua dien tich mat clt ngang 
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m6i spi chieu len mat phlng tmh toan A si = A si cosaj. Hlnh chieu cua di6n 

tfch mat cat ta't ca cac spi iij cat boi mat phang nay: 

_ n 1 n « 1 
A si = X A si cosaj = n;A si £ cosaj — = A s £ cosaj — 


mat phang 






ca cac sai dat dirai goc a i5 chung tao thanh be mat hinh c6n (hinh 2.8d) va 
hinh chieu dien tich mat cat ba't ky tir cac sai nay bang Af,cosa;, tucmg ling 
l£y dirai dang sau: 

^ ** =-£**. (2-21) 
n j=o n i =0 

Ddi vdi sir dinh hucrng tuy y khi hpR.j/n, ta co: 

1 n n i 1 

^= 1 Ih J /R = Z^- 

n j=o j=o n n 

Dat x=j/n, Ax=l/n, khi cho n-> oo chung ta nhan duac: 

*. = jxd x =M = i (2-22) 

0 z z 


Tuang ung vdi cong thuc (2-20) va (2-21) khi xac dinh gia tri he sd X c 
chung ta nhan ducfc: 

Isinarccosxdx 

\]h ~ J 

o arccos x 

Chung ta bien doi dai Iuong tren dua y = arccosx; y’= l/(cosy) = -1/siny; 
tir day ta co: 



Khai trien theo chu6i Mac Laurin —> 


l-cos2y n (2y) 2 (2y) 4 < (2y) 6 (2y) 8 

2y 2! 4! 6! 8! 

Khi tfch phan thi bi£u thirc nay tang \6n mot bac, ta duac: 


•]/2y; 


[I — 1L + 1 ->L_] 

2 12 135 2520 


0.82 


(2-23) 


De xac dinh bieu thuc cua he so X n chung ta xua't phat tir phuang trinh can 
bang luc a trang thai gicri han khi keo cac phan tir cot sai tir be tdng tai diem 
gian doan cua no co dang: 

*M = t ndi 

^ l u Alu s 1 n 
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Tir day tri so chi6u dai neo tdi han l n cua cac phin tir trong thanh phan be 
tong la: 

0.25d R 


l n = 


s*'s 


(2-:4) 



Hinh 2.35: Cac dang hinh hoc tai rich giao cal giua soi va vet nu. .i2u chuan 
a) Cac dang chung; b) va c) tuong ting khi: l s < IJ2 vf> / v .n >1 '2: 

0-0: mat dating nut; 1- Seri quv utic 


Trong hinh 2.35 chi ra doan phin tir cot bi dirt do chiu tac dong cua luc 
keo. Trong so do dufong ntrt nh&n cac soi co hudng doc theo tac dong cua luc 
keo. Khi do, chieu dai doan neo cua cac soi bien doi theo doan thing cua 
chi6u cao ciu kien tir tri so gidi han den 0. Ro rang ring, cac scri di qua khe 
nut doi xtrng co tri so neo gidi han vdi chieu dai theo hudng tir canh vet nut 
bing / s /2. Khi / n < IJ2, qua trinh pha huy be tong cot soi phai di theo phin 
umg vdi viec dirt giy soi va be tong bi keo tir phan khac. Khi /„ 4/2, cac loui 
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vet nurt cat qua cot sqi, khi IJ2 > l n duqc chi ra tren hinh 2.35b va khi IJ2 < / n 
tren hlnh 2.35c. Khi IJ2 > /„, so luqng chung cua cac sqi di qua mat phing 
tinh toan la N s = n' + n" tuong ung: 

n’/N s + n”/N s = 1 (2-25) 

Trong do: 

n': phan sqi ma ung suat trong do dat tdi gia tri keo gidi han R s , va cac 
sqi nay bi dut khi be tong bi pha huy; 
n": phan cot sqi bi keo tuot khi pha huy. 

Sir dung so do (hlnh 2.35b) co the: bie:u difn moi quan he gifla cac sqi bi 
dirt vcfi so luqng chung cua chung nhu sau: 

1 . 


n 21 


/ 


(2-26) 


Tuong tu, co the: co duqc bieu thuo xac dinh so luqng tuofng doi cac sqi bi 
keo nhu sau: 


>’ i 

-— = 2 — 


Chieu dai neo cua cac sqi bi keo thay doi tir /„ den 0 nhu trong hlnh 
2.35b co nghia la tri so trung binh cua chieu dai phan sqi neo lai trong 
trudng hop tren la l/2/ n . Do vay, phan sqi bi keo khi dat cot be t6ng se ty 
If vdfi bieu thirc: 

l/2(2/ n // s ) = /„//, (2-27) 

Gia tri he so X n duqc xac dinh bang tong rua (2-261 va (2-27): 


[ 2 /] / 

= 1-S- +-B-=1 


/. / 


(2-28) 


Khi do gia tri trung binh cua cac ung suat trong cac sqi se la: 


5 S = R S 1-f 


Khi IJ2 ^ / san (xem hinh 2.35c),viec pha huy phai di ciing vdi viec tat ca 
cac sqi chiu keo tu be tong va gia tri X n co the: duqc bieu di6n durcri dang: 

K = 4- (2-29) 
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Khi do cac gia tri trung binh cua irng suat trong spi se la: 


- R s 4 

<j = 


4/ 


De dat dupe cac gia tri gicfi han ve do ben cua cot soi thi viec tuan theo 
dang thurc trong bieu thiic ljd s = R^x,, la can thiet trong cac dieu kien khac 
nhau. Tir do co the thPy rang tlnh nguyen ven cua be tong cot soi phan tan se 
bi pha vo theo dang thur nha't cua su pha huy, co nghia no la hau qua do cac 
cot spi bi dirt. Trong trudng hop nay, nPu nhu ti so giua chieu dai c&c soi vdi 
dudng kinh cua chung lam tang cac gia tri R s /4x u ro rang la dp ben dinh bain 
cua cac thanh ph<in cot vdi nen be tong phu thuoc nhieu vao chinh nen do. 
Khi do muc dp phu thuoc la: IJd = m n R s /R n ; 

Trong do: 

m n - he so diPu kien lam viec cua ph&n cot, gia tri cua no dpi vdi cot 
truyen thong dupe la'y theo quy trinh; 

R n - cudng dp be tong xi mang (nen). 

C6ng thtic (2-24) co the viet theo dang: 


_ Rs _ 


d 4x r 


R. 


(2-30) 


Tir do chung ta lay bieu thirc dPi vdi dp ben dinh bam cua phan tir cot soi 
vdi be tong: 


_ ^ 


4m. 


(2-31) 


Trong do: 

P = 4m n - he sP dupe xac dinh bang thuc nghiem va phu thuoc vao chat 
lupng be mat spi dupe sir dung. Khi co cimg dieu kien de tinh toan neo cua 
cac spi co vi tri tu do, Cctn biet chieu sau ngam trong be tdng. Spi bi cat bdi 
mat phang j-j (ngam trong be tong theo hudng khac) tren chieu dai 
4= Raj/cosaj, (hinh 2.36a). Xac dinh chi6u dai trung binh l lb s cua cac spi cat 
bdi mat phang da cho, ta co: 


L*=R- 

a ; 


1 L 



f a: 



In tg 

—— x— 



l 2 

4 ) 



(2-32) 


De xac dinh ph^n cua cac spi neo vdi ung suat (trong trudng hpp chung 
a s ^ R s ) va phan cua cac spi bi keo khi co cac ung suPt nay, chung ta dat cac 
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khoi c<tu theo mot trat tir nhat dinh, tuy thuoc vao khoang each a tut cac trong 
tarn cua chung toi mat phang tmh loan. Khi thay doi a/R tut -1 den +1 hinh 
c£u se dupe phan chia nhu hinh 2.36b. Gia tri xac dinh f h s dupe tilth toan 
theo cong thirc (2-32) thoa man vdi cac ti so a/R. Tren hinh 
2.36c dua ra quan he khac vdi quan he bac nha't (tuyen tinh) da dupe neu 
trong hinh 2.35. Pham vi a/R = -1 * +1 chtra dung tat ca cac sod ma mat 
phang tinh toan di qua no. Tren cac phan bi cat khi / tb s < / n , cac spi bi keo, 
trong do khi / s ^ / n ddu cua chung khong bi dich chuyen trong be tong do luc 
tac dung cr s ,F s len chung. 



Hinh 2.36 Xiic dinh he so A,a, h. c: Cac dang giao cat sen 
b<h mat phang tinh loan, d,e: Bieu do Ung suat lay v&i sen. 


Ph£n soi ma no chiu keo co the bo tri tuung ung vdi ph£n chieu dai vdi 
t\< / n (tren hinh 2.36c phan dupe gach net hoan toan) tren chieu dai toan bp 
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pham vi a/R. Tucmg ung vdi di£u nay, tir bieu thuc (2-32) gia tri nhan dupe 
phu thuoc vao ti so / n // s dupe tra trong bang 2-1.6 day N sv : so spi chiu keo; 
N s : tong so cac spi cat qua mat phing tinh toan. 


Bang 2-1 


UL 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.5 

X = N sv /N s 

0.15 

0.27 

0.41 

0.52 

0.62 

0.71 

0.79 

0.87 

0.95 

1 


Tai ch6 ma cac spi dupe neo giu chac chan, ung suat trong chung = a s ; tai 
phan ma no chiu keo ung suat bang khoang the la thay doi theo quy 

l r. 


luat during thang (hinh 2.36e). Tucmg ung vdi cac lire nay, cac ph£n tu spi 
chiu keo cua cac spi nhan dupe bang: 


P = a A. N “ Nsv 


'S‘ S 


N. 


-— L —— = a s A s (l-0.5 y) 
2 N s 


Tu do he so tinh den cac spi khong dupe neo giu 6iy du lay bang: 

X=l - 0.5x 

Trong do x xac dinh theo bang 2-1. 

Khi so sanh gia tri cua he so nhan dupe vbi gia tri nhan dupe tir cac tac 
gia khac, thay rang gia tri he so dinh huemg cao hem x Jh = 0-82. Di6u nay 
dupe ly giai rang cac trong tarn cua cac spi co th6 cat qua mat phang tmh 
toan dupe bo tri tir mat phang trong khoang each a = (0...0,5)/ s lay trung 
blnh a = 1/4/ s . Khi do vi tri trong tarn khoi cau cua mat phang tinh toan tori 
cac spi dupe bo tri ducri goc a = 0...60 vai duong phap tuyen cua mat phang 
nay. Dua vao cong thuc (2-20), trong truemg hop nay thi A. dh = 0.82. He so 
A. dh = 2/n tuong ung vi tri khi trong tarn cua tat ca cac spi cat qua mat phang 
da dupe chi ra nam tren mat phang do la khong the xay ra co dang hinh cPn 
(xem 2.34d). 

Bang each nhu vay, dang mo hinh hinh hoc cua viec phan bo spi dupe 
xem xet d tren cho phep xac dinh gia tri d vi tri duy nhat cua he so khi cat 
cac spi bdi mat phang tinh toan, dinh huemg chung va neo chung trong be 
tong. Cac he so do chung to chung khong phu thuoc vao nhau va do do 
chung dupe nhan len trong tinh toan. Nhu trude day, de xac dinh he so quy 
doi cua cot spi ngudi ta thuc hien chu yeu tit y nghia hinh hoc cua chung, ma 
khong tinh den trang thai ling suat bien dang trong giai doan hinh thanh va 
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phat tri£n vet ntit (chi xet trong giai doan pha huy). Trong nghien cuu hien 
nay cac truting hop chung ducrc xem xet bao gom ca giai doan khai thac ca'u 
kien, ma ado tat ca cac sgi hay mot phan cua chung lam viec vdi ting sua't 
a s < R s anh hudng tdi gia tri cua he so quy doi da dupe phan anh d tren khi 
dua no vao thanh phan lam viec cua sgi. Viec phan rich mo hinh quy doi tren 
chung to rang he so cat bdi cac mat phang tinh toan sgi X c la "hoan toan" 
thupc ve dac trung hinh hpc, khong phu thuoc vao tai trgng (trang thai ting 
sua't bien dang cua no). He so dinh hudng A, dh khac vdi X c phu thuoc vao viec 
xac dinh mtic dp trang thai ting sua't bi£n dang cua phan to cot. Viec xac 
dinh he so X dh qua hinh chieu / s hoac F s tren true toa dp hoac tren mat phang 
(tiep can hinh hoc) la dieu kien khong chi phan anh hoan toan y nghla vat ly 
cua he so nay. 

C) dang bi6u diPn chung doi vdi A. dh co the dugc kf hieu 6 dang ti so gitia 
gia tri trung binh cua hinh chieu luc trong sgi cat qua mat phang tinh toan 
hoac gia tri trung binh cua hinh chieu ting sua't trong cac sgi voi luc (ting 
sua't) trong sgi. 

Chieu luc tac dung len hudng song song: 

) = Ps( a ) = d s (a) 

'' dh P„(a = 0) o s (a = 0) 


Vi vat lieu n£n gion nen anh hudng cua su truyen ting suat se dugc xem 
xet cho ca hai trudng hgp: trude khi ntit va sau khi nut, ttic la xet theo 3 giai 
doan lam viec cua ca'u kien gom giai doan dan hoi, giai doan hinh thanh va 
xua't hien vet ntit, giai doan can bang gitii han. 


Bang 2-2 


Giai doan lam viec cua ca'u kien 

\lh 

Gia tri cua bieu thtic 

Dan hoi 

i-nJ=k .. 

X Z cos a , 

i = l j=l 

0.656(=43.66) 

Nut 

i=n j= k 

XT cos 15 a, 

i=l j=l 

0.764(*0.76) 

Can bang gidfi han 

i=n j=k 

Z Zcosai 

i=i j=i 

0.818(»0.82) 


Trong do: a, la goc nghieng cua sgi theo phuong nam ngang. 
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Bang 2-3 


Giai doan lam vide cua ca'u kidn 


Dan h6i 

1 

Nut 

1 l " ° s =1 0.5 l " 

L 4 R S J 4 

Can bang gidfi han 

yn 

o' 

1 

\ i 


Khi tmh cac hd so A, dh va X, n theo 3 giai doan lam vide trdn, theo thi 
nghiem tmh toan cua tac gia O.H.PAEHHOBMH, ta co th^ lay chung theo 
bang 2-2 va bang 2-3. 

Nhir v|y sau khi xac dinh dupe cac he so X c , X dh , X n ta tmh dupe tri so xet 
su chuyen doi cot spi tir phan tan (Ion xon) sang hudng tuong duong (hudmg 
doc) A, ld . Trdn co s6 do ta co the ap dung cong thurc (2-2) de tmh mo dun dan 
h6i cua vat lieu be tong xi mang theo cong thurc sau: 

E c =VE,V s + E,(1-V s ) (2-33) 


2.3.4. Xac djnh mo dun dan hoi be tong cd't soi ph&n tan bang 
phuong phdp giai tich 

Vat lieu be tong, be tong cot spi la vat lieu to hop, vd mat vi mo duoc ca'u 
tao tCr cac thanh ph<m vat lieu khac nhau, nhtmg vd mat vi mo la dong nMt va 
co dac trung co hoc tong the (mo dun dan hoi), noi chung khac vdri dac trimg 
cua cac thanh phan c£u thanh. Khi cac thanh phan cau thanh phan bo h6n don 
theo nhidu hucmg trong khong gian, ta co vat lieu to hop dang hudng vi mo. 
Cac kich thude vi mo la du Ion so vdri cac kich thude phan tu de co the dupe 
coi la moi trudng lien tuc. Xua't phat tir do ta gia thiet vat lieu lam viec trong 
cac dieu kien dupe mo ta bdi cac phuong trinh co quan he tuyen tinh, lien ket 
giura cac pha la ly tudng (cac didu kien lidn tuc dupe thoa man). 

Viec xac dinh co ly tinh hieu qua (tire la co ly tinh the hien 6 pham vi vT 
mo) cua vat lieu to hop la mot va'n de chu yeu cua khoa hoc vat lieu Cac 
tinh chat nay phu thucx . an tinh chat cac thanh ph£n cau thanh cung nhu 
dang hlnh hoc vi mo cu nl lieu. 

Xet phan tir dac trung V cua vat lieu t6 hop (hlnh 2.37). 

Didu kien la ph£n tir dac trung nay phai du ldn so vdi cau true vi mo ie co 
the duoc coi thuc su dai dien cho vat lieu dupe xem xet nhung phai di nho 
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so vofi cac kich thu6c vT mo cua v&t the dupe sir dung d£ viec xac dinh cac 
tfnh chat hieu qua thirc su co y nghla. 



Cot soi 


NSn 


Hinh 2.37: Phan tuddc tnfng V’ cua vat lieu to hap 2 tlidnli phan 


Phan tCr dac trimg V duqc cau thanh boi hai thanh ph£n chiem cac khong 
gian VI, V2 c V va co he so dan hoi K,, K 2 (mo dun dan hoi the tich), Gj, 
G 2 (mo dun dan hoi trirqt), V,, V 2 ky hieu the tich cua VI, V2 trong V (th£ 
tfch cua V coi b&ng 1). Phan tu dac trimg V duqc g&n vdi he toa do D6 cac 


(x„ x 2 , x 3 ). 

Trong di6u kien chiu luc cua vat the, trang thai ung su&'t g 1} (la tenxo img 
su£t b$c 2) can phai thoa man phucmg trinh can b^ng: 


U dXj 


0 ; 


Trong do: i = 1,2,3. 


foil 

5x, 


+ - 


6a 


12 


dx 7 


+ 


6xj dx 2 


+ 


do 3] ( 6g 32 

I 

6x, 6x 2 


cteji 

dx 3 


-0 


6023 

6X3 


= 0 




(2-34) 


(duqc hi£u mot each duong nhien la bao gom ca cac di6u kien can b&ng 
tren mat ngan each giua 2 pha cot sqi va n£n) va quan he voi trang thai bien 
dang e tj thong qua dinh luat Hook. 

Oij(x)= X c ijki e ki(^) vdixeV (2-35) 

k .1=1 
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Trong do: i, j, k, 1 = 1, 2; a =1 va 2. 

Cac thanh phan £y cua ten xo bien dang s dirge bieu didn tuyen tinh qua 
cac thanh phan U; cua cac vecto chuy6n vi U lien tuc tren V: 


1 du: ^Uj 
8 ii — L +—~ 

3 2 dx, dX: 


(2-36) 


C a !jkl la cac thanh phan cua ten xo dan hoi dang htrdng bac 4 vdi cac 
thanh phan: 

2 

C^ijki = T ijk |(K a ,G a ) = K a ajj<7 kl +G a (a ik cjj 1 +crj,CTj k ——(2-37) 

Trong do: ay la ky hieu kronecker (ky hieu dubng cheo chinh). Thbng 
thuong gia tri trung blnh cua img su&'t va bien dang tren V dugc xac dinh 
nhu sau: 


( a ij) “ J a ijdX 


(2-38) 


e .j) = K dx 


Quan he giua cac gia tri trung binh cua img suat va bien dang tren V cua 
vat lieu to hgp dang huefng dirge the hien thong qua tenxo dan hoi hieu qua C: 


£ Cij kl 8 k , 


(2-39) 


(C ijk | = T ijk , (K C ,G C ) v6i v^t lieu to hgp la ding hudng). 

Mot khi cac gia tri cua Sy va Qy tren V dugc xac dinh, tir cong thuc (2-39) 
ta co K c va G c . Cac phuong trinh va quan he trong cac bieu thirc tir (2-34) 
den (2-36) chua du de xac dinh By va ay. De xac dinh dugc no, can phai co 
dieu kien tren bien dv cua V. Chu y ring phan tu dac trung V la nho so vai 
cac kich thude vi mo cua vat the chiu luc, di6u kien bien d6ng nha't cho 
chuyen vi dugc dua ra la: 


Uj = X s ij x j tren dv 8°=const 

j=i 

i=l,2,3 


(2-40) 


Do cac chuyen vi dugc sinh ra la do co luc tac dung, nen ta cung co th6 
thay dieu kien bien ve chuyen vi (2-40) bing di6u kien bien ve ung suit 
dong nhat sau: 
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( 241 ) 


Z a ij n j = Z a ij n j tren Sv 

j=i j=i 

a° = const; 

Trong do: n la vecto don vi vuong goc tren dv. 

Viec xac dinh cac he so dan hoi hieu qua thong qua viec giai true tiep cac 
phuong trinh cua co hoc moi trudng lien tuc nhu da trinh bay b tren (goi tat 
la duong huong giai phuong trinh). Day la mot bai toan rat phbc tap tuong 
duong vdi viec giai cac phuong trinh can bang va tuong thich tren mien 
khong d6ng nhat V vdi ca'u tao hinh hoc pha phuc tap, tuy y, ma trong thuc 
te ngudi ta cung kho co dupe mot thdng tin day du ve hinh hoc pha cua vat 
lieu to hop dupe su dung. Thay vao viec tim cue tri cua 8 ta co the di bang 
each khac thong qua viec tim cue tri cua cac ham nang lupng tren V (goi tat 
la duong huong nang lupng hay dudng hudng bien phan). Chang han nhu: 


X = inf X J t E ,j C uki E fci dv 


(2-42) 


a=l v a ijkl = l 


Trong do: tenxa bien dang bieu di<§n qua vecto chuyen vi U, bdi bieu 
thuc (2-36), con U, thi thoa man dieu kien bien dong nhat (2-40). 

Co the chi ra rang diem cue tri cua (2-42) vdi cac rang buoc (2-36) va 
(2-40) cung se thoa man phuong trinh can bang trong bieu thuc (2-34). 

Mot each khac, thay chc dieu kien bien ddng nhat doi vdi chuyen vi 
(2-40) ta co the lay rang buoc trung binh bien dang tren V. 

(s.iM (2-43) 


Co the thay rang diem cue tri cua bieu thuc (2-42) vdi cac rang buoc 
(2-36), (2-40) se thoa man phuong trinh can bang (2-34) trong khi trang thai 
lire tuong ung la dong nhat tren bien dv. Ta cung co the xac dinh C tir 
nguyen ly doi nglu cua no (2-42). 


Z a ij(C )ijkl°kl - Z I Z a ij(C )ijkl ( 7 kl ( i x 


(2-44) 


d day: 


a=l v ijkl^l 


(C c )i=%,(r^.^r) 


3k c 2G C 


Trong do: tenxo dng suat o thoa man phuong trinh can bang (2-34) va 
dieu kien bien dong nhat (2-41). 
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Nhir vay diem cue tri cua (2-44) dam bao cac rang buoc (2-34), (2-41) se 
thoa man cac phuang trinh tuang thfch bi£'n dang (nghia la thoa man v6i bieu 
thirc (2-35) ton tai qua quan he (2-36). 

Noi mot each khac, thay cho dieu kien bien dong nhat (2-41), ta co the 
lay rang buoc umg suat tren V. 

(°ij) =cr 'j (2_45) 


Nhu vay, co the thay ding dieim cue ti£u cua (2-44) vai cac rang buoc 
(2-34), (2-45) se thoa man cac phuang trinh tuang thich bien dang (vai bieu 
thuc (2-36) ton tai rang buoc (2-36) trong khi trang thai chuyen vi tuang umg la 
dong nhat tren bien dv. 

Trong dieu kien lam viec cua vat the (ket cau), cac trang thai ung suat va 
chuyen vi thuc noi chung khong thoa man chinh xac cac dieu kien bien d6ng 
nhat nhu (2-40) va (2-41), cho du V la nho so vai kfch thuac vi mo cua vat 
the ma thay doi xung quanh cac gia tri nay do cau true vi mo khong dong 
nhat cua V. Tuy nhien dieu nay chi co anh huang a viing gan midn dW , 
trong khi do, khi tinh toan cac mo dun hieu qua ta lai tfnh vdi tong tfch phan 
cac gia tri cua trang thai tren toan mien V, thi cac sai so nay khong dang ke. 
Khi ta gia thiet la cac mo dun hieu qua duqc tmh vdi tong tfch phan cac gia 
tri cua trang thai tren toan mien V, thi cac sai so nay la khong dang ke khi 
ta gia thiet la cac m6 dun hieu qua C trung nhau ve mat tiem can khi kfch 
thu6c V du 16m so veri cac kfch thuac vi mo. C cung phai khong phu thuoc 
vao viec chon phan tu dac trung cu the’ V cua vat lieu cung nhu hinh dang V 
vai dieu kien cac kfch thuac cua V deu lan han nhieu so vai cac kfch thuac 
vi mo. Do vay V co the lay la hinh cau hay khoi lap phuang d6 tien cho viec 
tfnh toan. 

Tfnh phire tap cua bai toan chu yeu nlim a ch6 su phan bo cua sai trong 
nen theo nhung kha nang khac nhau. Sqi phan bo co the d6u, co the khong 
deu, ch6 nay cac sai each xa nhau, ch6 khac chung tiep xuc vai nhau v.v. 
Ket qua la rat kho chon cac “te bao” ca sa lam the tfch vi mo dac trung cho 
vat lieu. Chfnh vi le do trong tfnh toan ly thuyet dan gian va duqc sai so 
nho khi ta tfch phan toan mien tren th6 tfch ket cau (the tfch V), ta coi sqi 
phan to ngdu nhien mang tfnh deu co xet tori he so lech lac noi tren. 

Cac phuang phap ngliien cuu ly thuyet co the duqc xep theo 2 loai la: 

1. Duong huomg giai true tiep cac phuang trinh vi tfch phan mo ta su lam 
viec cua vat the. 
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2. Duong hudng nang lupng (giai g£n dung theo phuong phap bien phan) 
tim 16i giai bai toan thong qua viec tim cue tri cua cac phien ham nang lupng. 

2.3.4.1. Phuong phap giai phuong trinh (phuang phap chinh xdc) 

Nhu da trinh bay 6 tren, noi dung cac phuong phap nay la de xac dinh cac 
mo dun dan h6i hieu qua co the giai true tiep cac phuong trinh tir (2-34) den 
(2-40) de tim cac trang thai ung suat va bien dang tren V va tu do co dupe 
cac mo dun hieu qua. Cac loi giai xap xi giai tich da dupe tim trong trong 
trudng hop ti le the tich cua cot spi la nho va cac hat cot lieu co dang hinh 
hoc ly tuong. Tir bai toan \-e hat cot lieu ellipsoid trong pha nen, Eshelby da 
nhan dupe loi giai thich chinh xac. Cac cong thuc nhan dupe rat phuc tap va 
the hien qua cac tich phan elliptic. Tuy nhien cac cong thuc nay dupe don 
gian di rat nhieu do mot so truong hop cu the. 

Doi v6i cot dang ellipsoid tron xoav co mot true dupe keo dai ra vo han 
so v6i hai true con lai, ta nhan dupe dang cot spi. Cu the doi voi vat lieu to 
herp voi pha nen (V n , k tl , G n ) chtra dung ti le nho the tich pha cot lieu dang 
spi (V s , k s , GJ. V S <<1) phan to h6n don trong khong gian, ta co vat lieu to 
hop dSng huong voi cac bieu thuc xap xi giai tich nhu sau cho cac mo dun 
dan hoi hieu qua: 

- Xac dinh mo dun dan hoi the tich: 

K = K n + V S (K S - K n )A + 0(V S 2 ) (2-46) 

k„ + g„ + |g s 

Trong do: A =-y- 

K s +G n + Jc v 

- Xac dinh mo dun dan hoi trupt: 

G c = G„+ V S (G S - G n )B + 0(V S 2 ) (2-47) 

Trong do: 

4 

K s +|G n 
3 

K. -G, • ‘.G. 

Sau khi xac dinh dupe cac mo dun dan hoi K c , G ta xac dinh cac mo dun 
dan hoi E c theo cong thuc: 



) 
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(2-48) 


E = 


9K c G c 
3K C + G c 


va v c = 


3K c -2G c 
6K C +2G C 


6 day E c va v c la mo dun dan hoi va he so poisson cua vat lieu to hop. 
Nhir vay theo cong thtic (2-46), (2-47), (2-48) ta co dupe quan he giira mo 
dun dan hoi cua vat lieu to hop voi cac dac trung cua vat lieu va the tich cua 
vat lieu thanh phan. 

Phuong phap nay dupe coi la chinh xac, co tru diem la cho bieu thdc 
tuong minh (2-46), (2-47) cua cac mo dun hieu qua. Tuy nhien, cac cong 
thurc chi dung voi dieu kien khi the tich cot spi nho (V s «l). Voi ty le the 
tich 16n hon cua cac pha cot spi ta co the sir dung duPng loi bien phan dupe 
trinh bay nhu sau: 

23.4.2. Phitffng phap bien phan nang luang 

Trong phuong phap bien phan nang lupng, ngudi ta kh6ng giai true tiep 
cac phuong trinh th (2-34) den (2-40) nhu phuong phap chinh xac ma ta 
danh gia mo dun hieu qua thong qua viec tim cue tri cua cac phien ham nang 
lupng (2-42) hoac (2-44). Diem cue tri cua phien ham cung se cho loi giai 
chinh xac cua bai toan. Viec tim diem cue tri chinh xac cung kho nhu viec 
giai true tiep cac phuong trinh theo phuong phap trinh bay o tr£n. 

Tuy nhien vPi cac trang thai bien dang va umg suat kha dl gan dung ta co 
th6 nhan dupe cac danh gia tren va danh gia duPi doi vPi cac mo dun hieu 
qua tir (2-42) va (2-44). Trang thai kha di gan dung dupe xay dung cang tot 
(co nghTa la cang g£n vPi trang thai chinh xac) thi nhan dupe cac danh gia 
cang hep va cang gan vPi gia tri thuc cua mo dun hieu qua. 

Doi voi vat lieu to hop co chua ty le the tich bat ky pha spi V s voi cac pha 
spi phan bo dang hudng trong khong gian ta co the tinh nhu sau: 

Neu ta goi cac danh gia tren va dudi cua he so dan hoi la K + , G + va K', G 


ta co: 


Doi vdti vat lieu to hop: 


K~ < K c < K + ; 


K + + K' 


G“ < G, < G" ; 


G + +G" 


(2.49) 


Trong do: 
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K + = 


V s 


K“ = 


G + 


k s + k; 


k.. + k* 


v. 


k n +k* + 


k„ +k; 


-k; 


.-1 


-k* 


-1 


G. + G 


G" = 


( 


Voi: K: = —Gq ; 

3 1 


k; =—g 


4 ~~. 
o > 


G n +G 


*+■ 

* J 


g s + g; 


G n+ G; 


-g: 


- G, 


Go = 


v n G s+ (3 + v s )G„ 


+ 


3 + v r 


g: =gj 


9k;+8g; 
6Kj + 12 Gq 


r - _ r - 9K 0 +8G 0 

V-J* — Uq 


6K 0 + 12G 0 


Phuong phap xac dinh mo dun dan hoi cua vat lieu be tong cot spi theo 
phuong phap bien phan nang lupng co im diem la chi co mot gia tri duy 
nha't, khong phu thuoc vao cac giai doan lam viec cua ket cau. Tuy nhien 
phuong phap nay chi xet vdi di£u kien la cot spi phan tan d£u, dieu nay la 
kho xay ra trong thuc te. Mat khac muon xac dinh dupe gia tri mo dun dan 
hoi cua vat lieu be tong cot spi phan tan (vat lieu to hop) theo cong thufc 
(2-48) ta van phai biet gia tri cua mo dun dan hoi the tfch (K n ) va mo dun 
dan hoi trupt (G n ) cua nen. Ma gia tri nay phai xac dinh bang thuc nghiem 
nen cung rat kho khan va phde tap. 

2.3.5. Ket luan 

Qua cac nghien cuxi tren cho thay, tuy theo each bo tri cot spi ma mo 
dun dan hoi cua be tong cot spi co the xac dinh theo cac cong thuc (2-2); 
(2-33); hoac (2-48) va (2-49). Cong thuc (2-2) chrnh la mot truong hop dac 
biet cua cong thuc (2-33) (khi = 1), cong thuc nay r&'t phu hop khi tmh 
toan mo dun dan hoi cua be tong cot spi phan tan vi mo hinh tuong tac giua 
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vat lieu nen (be tong xi mang) vdfi cot spi dupe mieu ta tirong doi gan vdi md 
hinh lam viec thuc te cua vat lieu, con cong thirc (2-48) va (2-49) muon xac 
dinh mo dun dan hoi ta phai tim dupe gia tri cua mo dun dan hoi trirat va md 
dun dan hoi the tich cua nen theo con duong thi nghiem mlu, dieu nay la rat 
kho khan trong qua trinh thuc hanh thi nghiem. Vay phuang phap tinh toan 
mo dun dan h6i cua be tong cot spi phan tan tot nhat la sir dung theo phuemg 
phap bien doi cot spi tu phan bo hdn don sang hudng tuang duang theo 
phuang doc true, sau do su dung cong thirc 2-33 de tinh. Day la ca sd cho 
viec tinh toan kha nang chiu luc cua ket cau khi co sir tham gia cua tiet dien 
be tong cot spi, tu do giup cho viec lira chon lupng the tfch cot spi can thiet 
khi thiet ke thanh phan cap phoi vat lieu. Cung mot lupng the tich phoi hop 
cot spi nhat dinh, neu sd lupng cot spi tham gia cang ldn thi muc do phan tan 
cua cot spi trong be tong cung cang ldn va dl nhien kha nang hoa ben cua 
vat lieu be tong cot spi se cang dupe cai thien. Nhu vay, viec xac dinh chieu 
dai cot spi d muc do toi thieu la can thiet d£: tang muc do phan tan cua cdt 
spi trong nen. Cac cong thuc 2-24, 2-29, 2-30 va 2-31 cho phep ta xac dinh 
chieu dai neo giu c^n thiet cua cdt spi, tu do lam ca sd de xac dinh chieu dai 
spi c£n thiet khi tham gia chiu lire. 

Tuy nhien viec xac dinh mo dun dan hoi cung nhu la ham lupng the; tich 
va chieu dai spi nhu da trinh bay d tren chi mang tinh ly thuyet, vi trong thuc 
te dii che tao bang phuang phap nao di chang nua thi cdt spi cung khong thd 
bo tri phan tan deu nhu gia thiet. Ngoai viec nghien curu ve mat ly thuyet nhu 
da thuc hien d tren, con can thiet phai tien hanh nghien cuu cac dac tinh c ua 
be tong cdt spi phan tan bang phuang phap thuc nghiem. Day la mot vide 
lam can thiet va khong the thieu dupe khi nghien ciru bat cu mot loai vat lieu 
nao noi chung va vat lieu be tong cdt spi noi rieng. 
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Chuong 3 

NGHIEN ClTU THl/C NGHIEM VE 
BE TONG COT SOI THEP 


3.1. MUC TIEU CUA NGHIEN CUU THUG NGHIEM 

Tren co so cac ket qua nghien cuu vi tfnh chat cua be tong cot spi thep, 
tai phong thi nghiem Cong trinh Dai hoc Giao thong Van tai da tien hanh 
not so thf nghicm de kiem chung mot so tinh chat cua be tong cot spi thep, 
tir do dua ra cac nhan dinh ve vat lieu dia phirong khi su dung be tong cot soi 
thep trong thie't ke va xav dung cau 6 Viet Nam. 

3.2. PHUDNG PHAP NGHIEN CUU THl/C NGHIEM 


Phucrng phap nghien cuu la phuong phap ly thuyet ket hop vdi thuc 
nghiem. Tren co so ly thuyet ve be tong, be tong cot spi thep va ly thuyet 
quy hoach thuc nghiem da tien hanh che tao cac m§u thu va xac dinh cuong 
do, dp sut cua be tong cot spi thep. 


3.2.1. Ly thuyet Quy hoach thuc nghiem 


Viec nghien cuu thuc nghiem v6 muc dp anh huong cua cac yeu to nhu: 
ty le nude tren xi mang N/X, ham lupng cot spi den cac tlnh chat co hoc cua 
be tong neu tien hanh thi nghiem theo nhung phucrng phap bi dong thi so 
lupng thi nghiem rat lpn: N = p k (trong do p la muc thi nghiem, k la so yeu 
to anh huong) va so lupng thi nghiem se tang nhanh neu so yeu to anh huPng 
tang. 


Theo ly thuyet quy hoach thuc nghiem, cac thi nghiem dupe ma hoa P cac 
muc tren. muc duoi va muc co ban. Sau khi co bang ma tran quy hoach thuc 
nghiem se tien hanh cac thi nghiem tuong ung. Tu ket qua thu dupe xay 
dung mo hinh toan hoc bieu thi quan he giua doi tupng nghien cuu va cac 
yeu to anh huong. 


Mo hinh co dang: Y = Y(X„ X 2 , X,.X k ) 
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Trong do: 

Y: Ham mo ta he (ham muc tieu) 

X,, X 2 , X 3 ,..., X k : Cac bien so (yeu to anh hudng) 

Ham mo ta he la ham nhi£u bien co the phan tfch thanh day Taylor, tire la 
ham muc tieu ly thuyet: 

Y = p 0 + ip j .x j + ip jn .x j .x u + tp jj .xj + ... (3-1) 

j=l U<j j=l 


Muon xac dinh cac he so hoi quy ly thuyet |3 can phai co vo so thuc 
nghiem. Nhurng trong thuc te chi co so lieu nhat dinh cua cac gia tri X„ X 2 , 
X 3 ,..., X k va qua do xac dinh dupe gia tri b,, b 2 , b 3 ,.., b n cua cac he so hoi quy 
(3 0 , (3„ p 2 ,.., P n . VI v&y b6 mat tuong ting cua khoang lan can diem M se khong 
bieu di6n theo da thutc ly thuyet ma bang gia tri phuong trinh thong ke: 

Y = b„ + i bj .Xj + t bj u -x j.X u + i bjj .X} +... (3-2) 

j=l u<j j = l 


Day la dang tong quat cua mo hlnh thong ke mo ta doi tupng nghien cun 
(phuong trinh 3-2). 

Sau khi da chon dupe mo hlnh tien hanh xac dinh cac thong so cua m6 
hlnh thong ke: 


Zx H .x, 


b; = 


i=l 


■;Vj = 0^k 


J k o 

I 4 

i=l 

Z X ji -X ui .Yj 

b JU = J2L -^-;Vj,u = 0 + k, j ^ u 


Z^jui 


i=l 


De don gian, ham phu thuoc co the viet du6i dang thay the: 


Y = b 0 + Xb J .f J (X ] ,X 2 ,...,X k ) 
j=i 


Khi do cac he so cua ham thay the dupe xac dinh dudi dang ma tran: 

[bj = (F T .F)' ! .F T .[Y] 

Trong do: 

[bj]: Ma tran cac he so cua ham thay the 
F: Ma tran thay the. 
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i fjcx,) . f k (Xj) 

1 f 2 (X 2 ) . f k (X 2 ) 

1 f n (X k ) . f n (X k ) 


Trong do: [Y]: Ma tr|n ket qua thuc nghiem. 

3.2.2. Danh gia ket qua nhan dirge bang phircmg phap binh phircmg 
nho nhat 

- Ki6m tra sir bang nhau cua phuong sai: 

C, = maxS ' < C(r-1, n, 1-a) 

£s? 

i=l 

Trong do: S 2 : Phuong sai cua r lan lap lai thirc nghiem i. 

ZiYy-Yi ) 2 

o2 „ H_ 

1 r -1 

Trong do: 

Yjj: Gia tri thirc nghiem cua ham muc tieu tai thuc nghiem i, lan lap j. 

Yj: Gia tri trung binh thirc nghiem cua ham muc tieu tai thuc nghiem i. 
r: So l^n lap lai thirc nghiem. 

C(r-1, n, 1-a): Phan vi Cochran voi bac tu do f, = r - 1, f 2 = n va do tin 
city 1 - a (hay co muc y nghla a) 

- Kiem tra tmh tuong thich cua mo hinh theo tieu chuan Fisher: 

F, < F(f,,f 2 ,l-a) 

Trong do: 

F(f p f 2 , 1-a): Cac gia tri cua chuan so Fisher o muc co nghla a va bac tu 
do lap f 2 = n.(r - 1), bac tu do du: 

f, = n - m - 1 

F t : Chuan so Fisher duqc xac dinh theo cong thdc: 
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Trong do: 

S 2 du : Phurong sai dir, dirpc tinh theo cong thuc: 


S 2 = 

°dir 


Z(Y i -Y,) 

i=l 


n -m 


S 2 ls : Phuong sai tai sinh cua ham muc tieu voi so lan lap lai la r: 


- 1 n 1 n r . . 

S,=-ZS =—5-rr ZI (Yy-Yi) 

n i=i n(r-l) i= i j= i v ' 

m: So he so can xac dinh trong phirong trinh hoi quy. 

Yj: Gia tri tinh toan cua ham muc tieu. 

- Kiem tra tinh tirong thfch cua cac he so hoi quy theo tieu chu^n Student: 
t bj < t(f 2 ,l- a/2) 

Trong do: 

t hj : Qiuan so Student cua he so bj diroc xac dinh theo cong thirc: 


i bj = 


b; 


s,. 


t(f 2 . 1- a/2): Phan vi cua phan bo Student a mdc co nghla a va bac tir do 


f 2 = n - m. 


3.2.3. Chon ham muc tieu va cac bien doc lap 

Tren co so muc dich nghien curu noi tren, chon ham muc tieu la cac tinh 
chat co hoc cua be tong: cudng do be tong a cac tuoi 3 ngay, 7 ngay va 28 
ngay, mo dun dan hoi cua be tong. 

Chon cac bien doc lap: 

X,: Ty le N/X 

X 2 : Ham lirong sqi thep 

3.3. VAT LIEU THINGHIEM 

Nghien cuu thirc nghiem ve be tong cot sqi thep xay dung ctiu duqc tien 
hanh tai Phong Thi nghiem Vat lieu Xay dung - Khoa Cong trinh va Phong Thi 
nghiem Cong trinh - Trirdng Dai hoc Giao thong Van tai voi cac vat lieu thi 
nghiem hien co a Viet Nam: 
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3.3.1. Xi mang 

Xi mang sir dung loai xi mang Pooc-lang PCB40 do nha may xi mang 
Nghi Son san xuat. 

Cac tinh chat co ly cua xi mang: 


- Khoi luong rieng: 

- Luang niroc lieu chuain: 

- Thai gian bat d&u ninh ket: 

- Thai gian ket thuc ninh ket: 


p = 3.10 (g/cm 2 ). 
29%. 

75 (phut) 

225 (phut). 


- Do min: Luang sot tren sang 0.08mm: <15% 

Ty dien tich be mat: > 2500 cm 2 /g 

- Cirang do nen: Sau 3 ngay R n >21 (N/mm 2 ) 

Sau 28 ngay R tl >40 (N/mm 2 ) 

- Do on dinh the tich (then phuang phap Le Satalia) >10Mm. 

- Ham luong anhidrit sunlurric (SO,) >3%. 

- Luang mat khi nung > 5MKN. 


3.3.2. Cot lieu nho - Cat 

Cat vang lay tu Song Lo, co cac chi lieu ky thuat nhu sau: 

- Khoi lucrng rieng: p = 2.602 (g/cnv) 

- Khoi luong the tich: y = 1.43 (g/cm 3 ) 

- Do am: W = 5.48 % 

- Thanh phan hat: thi nghiem phan tich 2 kg cat cho ket qua nhu sau: 


Bang 3.1: Ket qua phan tick thanh phan hat cua cat thi nghiem 


Kich thudc 16 sang 

■ 

Lirong sot tren sang(g) 

Luong sot tich luy % 

5 

0 

0 

2,5 

42 

2,1 

1,25 

483 

26,25 

0,63 

630 

57,75 

0,315 

525 

84 

0,14 

210 

94,5 

Day 

105 

. 

100 
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Hinh 3.1: Bieu do cap phoi hat cua cat 
- Mo dun do ldn: M K = 2.65 

Nhan xet: Cat thi nghiem la cat hat to co cap phoi hat phii hop vcri you 
cau ky thuat ddi vcri cat de che tao be tong theo TCVN 177-86. 

3.3.3. Cot lieu lom - Da dam 


Da dam sir dung da Kien Khe, Phu Ly, co cac chi tieu ky thuat nhir sau: 

- Khoi luong rieng: p d = 2.55 (g/cm 3 ) 

- Khoi lirpng the tich: y d = 1.54 (g/cm 3 ) 

- Do am: W = 0.5 %. 


- D max = 12.5mm. 

- Thanh phan hat: thi nghiem phan ti'ch thanh ph^n hat cua 5 kg da cho 
ket qua nhu sau: 


Bang 3.2 : Ket qua phan tich thanh phan hat cua da dam thi nghiem 


Kich thudc 16 sang 

Luong sot tren sang(kg) 

Luong sot tich luy % 

19 

0 

0 

12,5 

0 

0 

9.5 

2,8 

56 

4.75 

2 

96 

day 

0.2 

100 


Nhan xet: Da dam thi nghiem co thanh phan hat phu hop vcri yeu cau ky 
thuat doi vdi da dam de che tao be tong. 
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3.3.4. Phu gia sieu deo 

Phu gia sieu deo Sikament R4 do hang Sika san xuat. 

- Goc Linosulfonatte, phu hop voi tieu chuln ASTM C494 loai D va G. 

- Loai: Chat tdng hop phan tan. 

- Mau: N&u dam. 



Hinh 3.2: Bieu do cap pho'i hat cua da dam thi nghiem 

- Khoi luong rieng: 1.15-1.18 kg/1. 

- Dieu kien ton: Tranh suong gia. 

- Tuoi tho: 3 nam trudc khi dong kin. 

- Dong goi: Thung 5 lit. 

3.3.5. Cot soi thep 

Sir dung 2 loai spi Dramix cua hang BEKAERT. 
a) RC-65/35-BN 

- Cuofng do chiu keo dut: > 1100N/mm 2 

- Chi^u dai cua spi: 1 = 35 (mm) 

- Duong kinh spi: d = 0.55 (mm) 

- Nhom san phdm: 65 

- Ti le giura chieu dai va dudng kinh spi: 1/d = 64 

- So lupng spi trong mot kg cot spi: 14,500 spi/kg 
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b) Soi thang det 0.4 x0.6 x 18 (mm) 

- Circmg do chiu keo dirt: > 1100N/mm 2 

- Chieu dai cua soi: 1=18 (mm) 

- Kfch thuac mat c&t soi: 0.4 x 0.6 (mm) 

3.4. QUY HOACH THUG NGHIEM 

Cac thf nghiem diroc quy hoach theo phirong phap quy hoach hoa thuc 
nghiem tarn true giao voi hai yeu to anh huong X, va X 2 . 

Trong do: 

X,:Ty leN/X 
X 2 : Ham luqng CST. 

Quy hoach thf nghiem trong bang sau: 


Quy hoach thi nghiem be tong cot soi thep 


Loai soi: 

RC-65/35-BN 







1. Thi nghiem nen 

Loai mau: 

Khoi lap phuong 








Ngay tuoi 

So lugng mau 



Trong loong sen 1 mau 

Trong ioOTig soi 

0% 

2% 

5% 

K) 

0% 

soi 

2% 

soi 

5% 

soi 

2% 

(50kg/m 3 ) 

5% 

(125kg/m 3 ) 

2% 

(50kg/m 3 ) 

5% 

(125kg/m 3 ) 

3 ngay tuoi 

3 

2 

3 

0.003 




0.169 

0.422 

0.338 

1.266 

7 ngay tuoi 

3 

3 

3 




0.010 

0.169 

0.422 

0.506 

1.266 

28 ngay tuoi 

3 






0.010 

0.169 

0.422 

0.506 

1.266 

Tong 

9 

8 

9 

0.09 






1.350 

3.797 

2. Thi nghiem uon 

Loai miu: 

dam 











Tong the tich mau 

Trong loong soi 1 mau 

Trong loong soi 


2% 



0% sd 

2% sot 

5% SO! 

2% 

(50kg/m 3 ) 

5% 

(125kg/m 3 ) 

2% 

(50kg/m 3 ) 

5% 

(125kg/m 3 ) 

7 ngay tuoi 

3 

3 



0.041 

0.041 

0.041 

0.675 

1.688 

2.025 

5.063 



3 





0.041 

0.675 



5.063 

Tong 

6 

6 

6 




0.082 

1.350 

3.376 
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Quy hoach thi nghiem Be tong cot soi thep 



Sen det, tron - chieu dai 18mm 

t. Thi nghiem nen 

Loai mau: 

Khoi lap phuong 








Ngay tuoi 

So luong mau 

* l rtau 

Tong the tich mau 

Trong luong s<j 1 mau 

Trong lugng sgi 

0% 

2% 



0% 

soi 

2% 

soi 

5% 

soi 

2% 

(50kg/m 3 ) 

5% 

(125kg/m 3 ) 

■ 

5% 

(125kg/m 3 ) 

3 ngay tuoi 



3 

0.003 

0.010 

0.010 

0.010 



0.506 

1.266 

7 ngay tuoi 

3 

3 



0.010 

0.010 

0.010 

0.169 

0.422 

0.506 

1.266 

28 ngay tuoi 

3 

3 

3 

0.003 



0.010 

0.169 

0.422 

0.506 

1.266 

Tong 

9 

9 






0.506 

1.266 

1.519 

3.797 

2. Thi nghiem uon 

_ 

Loai miu: 

dam 




I 1 

I 



Ngay tuoi 

So luang mau 

mau 

Tong the tich mau 

Trong luong sgi 1 mau 

Trong lugng sgi 

0% 

2% 

5% 

(m 1 ) 

0% soi 

2% soi 

5% soi 

2% 

(50kg/m ! ) 

5% 

(125kg/m 3 ) 

2% 

(50kg/m 3 ) 

5% 

(125kg/m 3 ) 

7 ngay tuoi 

3 

3 

3 

0.014 

0.041 

0.041 

0.041 

0.675 

1.688 

2.025 

5.063 

28 ngay tuoi 

3 

3 

3 

0.014 

0.041 

0.041 

0.041 

0.675 

1.688 

2.025 

5.063 

Tong 

6 

6 

6 

0.027 

0.081 

0.081 

0.081 

1,350 

3.376 

4.050 

10.125 


3.5. Ll/A CHON THANH PHAN BE TONG THI NGHIEM 
Mac be tong tfnh toan la mac 400 (kg/cni 2 ) 

- Doi vori be tong cot sgi thep thi ty le N/X dirge sir dung 0.42 - 0.55. 
Trong thi nghiem nay sir dung ti le N/X = 0.42 

- Theo ket qua nghien cuu cua niroc ngoai thi ham Iirgng cot sgi thep sir 
dung khoang 1 % den 8% khoi Iirgng hoac 0,33% den 2% the tich be tong 

Trong thi nghiem nay sir dung hai loai ham lugng sgi: 2% va 5%. 

- Can cu vao ty le N/X va ham Iirgng .sgi thep dugc chgn theo quy hoach, 
tlianh phSn be tong dugc tinh toan nhu sau: 

- Lugng da dam cho I m' be tong dugc tinh nhu sau: 

D = Vj.Vj = 0.68 x 1540 = 1050 (kg/nvbt). 

Trong do: 

V d : Xac dinh theo giao trinh Vat lieu xay dung, vdi da dam co 
D max = 12.5 thi: V t , = 0.68 (mVm' be tong); 

Yj : Khoi lirang the tich da. y d = 1.54 (g/cnr) = 1540 (kg/m'). 
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- Luong xi mang cho lm 3 be t6ng: X = 410 (kg/m 3 bt). 

- Lucmg phu gia sieu deo R4 duoc chon vdi ham luong tit 0.8 -r 1.5 
lit/100kg CKD dam bao do sut cho be tong tit 10 h- 12 cm. 

Trong thl nghiem nay chon ham luong phu gia sieu deo 1.51it/100 kg XM. 

- Luong cat cho lm 3 be tong: 


f 


C = Pc . 


1000 - 
V Pd Px 


D X MS 


N-R, 


Pms 


A 




(kg/m 3 bt) 


Ket qua tinh toan thanh pMn be tong c6t soi thep theo quy hoach cho 
trong bang sau: 


Thanh phan be tong cot sci thep (Doi vdi lm 3 be tong) 


Loai mlu 

Tm N/X 

Nude (lft/m 3 ) 

Xi mang (kg/m 3 ) 

Da (kg/m 3 ) 

Cat (kg/m 3 ) 

R4 (lit/m 3 ) 

Cdtsgi 

% 

(kg/m 3 ) 

Mau doi chumg 

0.42 

172.20 

410 

1050 

472.17 

6.15 

0 

0.00 

Miu loai 1 

0.42 

172.20 

410 

1050 

472.17 

6.15 

2 

50.00 

Mau loai II 

0.42 

172.20 

410 

1050 

472.17 

6.15 

5 

125.00 


Thanh phan be tong cot sai thep 
(Doi vdi 1 mdu be tong khoi lap phucmg 15cm x 15cm) 


Loai mau 



Xi mang (kg) 

Da (kg) 

Cat (kg) 

R4 (lit) 

C6t sd 

% kh6i lucmg 

(kg) 

Miu doi chCmg 

0.42 

K9 

1.38 

3.54 

1.59 

0.02 

0 

0.00 

Miu loai 1 

0.42 

sgy» 


3.54 

1.59 

0.02 

2 

0.17 



0.58 

1.38 


1.59 


5 



Thanh phan be tong cot soi thep 
(Doi vdi 1 mdu be tong dam 15cm x 15cm x60cm) 


Loai mau 

Tile N/X 

Nude 

Xi mang 

Da (kg) 

Cat (kg) 

R4 (lit) 

C6t sd 

(lit) 

(kg) 

% khdi luong 

(kg) 



2.32 

5.54 

14.18 

6.37 

0.08 


0.00 

Mau loai 1 

0.42 

2.32 

5.54 

14.18 

6,37 


2 

0.68 

Miu loai II 

0,42 

2.32 

5.54 

14.18 

6.37 

0.08 

5 

1.69 


3.6. MAY MOC,DUNG CU THI NGHIEM 

Thl nghiem duoc tien hanh tai phong thl nghiem Vat lieu Xay dung va 
phong thi nghiem Cong trinh - Trubng Dai hoc Giao Th6ng Van Tai. 

3.6.1. May thi nghiem 

- May tron be tong mini dung tich 30 lit/me tron 
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- D£m dui 

- Dam ban 

- May nen thuy luc ELE 1500 

3.6.2. Dung cu thi nghiem 

- Sir dung cac thiet bi thi nghiem cua phong thi nghiem Vat lieu Xay 
dimg va phong thi nghiem Cong trlnh - Trtrdmg Dai hoc Giao thong Van tai. 

- Van khuon: sir dung 2 loai van khuon 

+ Van khu6n thep kfch thuoc 15 x 15 x 15 (cm) 

+ Van khuon thep kich thtrdc 15 x 15 x 60 (cm) 

3.7. TIEN HANH THI NGHIEM 


- Tien hanh due cac mb thi nghiem theo quy hoach da de ra. 

- Sau khi due m^u, bao dudng theo dung quy trlnh thi nghiem. 

- Sau khi cac mbi thi nghiem du ngay tudi tien hanh nen thur mlu. 

3.8. KET QUA THI NGHIEM 

Sau khi cac mlu thi nghiem du ngay tudi tien hanh nen thir nrbu. Cac mhu 
thur duqc nen tai phong thi nghidm Cong trlnh - Trudrng Dai hoc Giao thong 
Van tai. 


3.8.1. Ket qua thur do sut cua be tong 

V6i dung tich thung tron 30 lit, chi co th6 due 6 mlu lap phuemg hoac 2 
mlu dam ddi vdi m6t me tron, vl v<ly ti6'n hanh do do sut cua be tong ddi vdi 
timg me tron va thu duqc ket qua nhu sau: 


Ket qua do do sut 


Loai mb 

Luqng sieu deo R4 

Ket qua do 

Trung binh 

% (lit/100 kg ximang) 

Ht/mb lap phuemg 

(cm) 

(cm) 

Mb 0% 
sqi 

1.5 

0.02 

msm 


1.5 

0.02 

Msem 

18.17 

1.5 

0.02 

18.00 


Mb 2% 
sqi 

1.5 

0.02 



1.5 

0.02 


11.00 

1.5 

0.02 



Mb 5% 
sqi 

1.5 

0.02 

7.00 


1.5 

0.02 

7.50 

7.00 

1.5 

0.02 

6.50 
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3.8.2. Ket qua nen mau cua be tong 


1. Mau lap phuang 15 x 15 x 15 (cm) 


- Loai scfi: 

RC-65/35-BN 

Ngay tuoi 

3 ngay tuoi 

7 ngay tudi 

28 ngay tudi 


Trung binh 

So lieu nen 

Trung binh 

So lieu nen 

Trung binh 


R 

(MPa) 

P(kN) 

R 

(MPa) 

P(kN) 

R 

(MPa) 

P(kN) 

R 

(MPa) 

P (kN) 

R 

(MPa) 

P (kN) 

R 

(MPa) 

Miu 0% 

soi 

874.20 

38.85 

858.37 

38.15 

1019.00 

45.29 

1037.67 

46.12 


49.11 

1127.00 

50.09 

857.30 

38.10 


47.07 


49.60 

843.60 

37.49 


46.00 

1160.00 

51.56 

M§u 2% 

sen 

891.00 

39.60 

903.38 

40.15 

827.00 

36.76 

828.00 

36.80 

1235.95 

54.93 

1229.62 

54.65 



812.00 

36.09 

1220.75 

54.26 

907.00 

40.31 

845.00 

37.56 

1232.15 

54.76 

Miu 5% 

soi 

986.70 

43.85 




54.67 



1258.66 




953.70 

42.39 

1213.00 

53.91 

1323.55 

58.82 

941.60 

41.85 

1197.00 

53.20 

1293.68 

57.50 

Loai sgi: 

Soi det, trdn- chieu dai 18mm 

Ngay tuoi 

3 ngay tudi 

7 ngay tudi 

28 ngay tudi 

So lieu nen 

Trung binh 

So lieu nen 

Trung binh 

So lieu nen 

Trung binh 

P(kN) 

R 

(MPa) 

P(kN) 

R 

(MPa) 

P(kN) 

R 

(MPa) 

P (kN) 

R 

(MPa) 

P (kN) 

R 

(MPa) 

P (kN) 

R 

(MPa) 

Mau 0% 

soi 


38.85 

858.37 

38.15 

1019.00 

45.29 

1037.67 

46.12 

1105.00 

49.11 

1127.00 

50.09 

857.30 

38.10 

1059.00 

S|I|J 

1116.00 

49.60 

843.60 

37.49 

1035.00 


1160.00 

51.56 

Mau 2% 

soi 

992.30 

44.10 

986.00 

43.82 

1204.00 

53.51 

1193.67 


1297.00 

57.64 


57.72 

986.90 

43.86 

1198.00 

53.24 



978.80 

43.50 


52.40 

1310.00 


Mbu 5% 

soi 

1019.00 

45.29 

1021.83 

45.41 

1290.00 

57.33 

1272.00 

56.53 

1364.75 

60.66 

1397.71 

6212 

997.50 

44.33 

1251.00 

55.60 

1431.70 

63.63 

1049.00 

46.62 

1275.00 

56.67 

1396.68 

62.07 
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2. Mdu dam 15 x 15 x60 (cm) 


- Loai sd: 

RC-65/35-3N 

Ngay tuoi 

7 ngay tudi 

28 ngay tudi 

So lieu 

Trung binh 

Sd lieu 

Trung binh 

P(kN) 

Rku (MPa) 

P(kN) 

Rku (MPa) 

PskN) 



Rku (MPa) 

Mlu 0% sd 

34.60 

4.613 

33.53 

4.471 

36.70 

4.893 

35.87 

4.782 

32.50 

4.333 

35.00 

4.667 

33.50 

4.467 

35.90 

4.787 

Mau 2% scri 

1 

45.00 

6.000 



51,70 

6.893 

52.23 

6.964 




7.267 




6.733 

Mlu 5% sgi 

55.00 



7.378 

60.40 

8.053 

61.23 

8.164 

57.00 


63.30 


54.00 

7.200 

60.00 

8.000 

-Loai sdi: 

Soi dot, iron- chieu dai 18mm 

Ngay tuoi 

7 ngay tudi 

28 ngay tudi 

Sd lieu 

Trung binh 

Sd lieu 

Trung binh 

P(kN) 

Rku (MPa) 

P (kN) 

Rku (MPa) 

P kN) 

Rku (MPa) 

P (kN) 

Rku (MPa) 

Mau 0%sd 

34.60 

4.613 

33.53 

4.471 

36.70 

4.893 

35.87 

4.782 

32.50 

4.333 

35.00 

4.667 

33.50 

4.467 

35.90 

4.787 

M§u 2% sd 

38,90 

5.187 

38.80 

5.173 

44.30 

5.907 

43.90 

5.853 

39.10 

5.213 

43.40 

5.787 

38.40 

5.120 

44.00 

5.867 

Mau 5% sd 

49.80 

6.640 

50.43 

6.724 

56.10 

7.480 

55.87 

7.449 

50.10 

6.680 

55.90 

7.453 

51.40 

6.853 

55.60 

7.413 


3.8.3. Cac bieu do ket qua thi nghiem 

Ttr cac so lieu tren, dung chuung trinh Matlab de ve cac bieu do. 

3.8.3.1. Bieu do quan he giita cuang do chiu nen R va ham luang cot 
soi thep theo nhom ngdy tuoi 

a) Nhom 3 ngdy tudi 
- So lieu thi nghiem 
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Loai mlu phu 

Ciicmg dp chiu nen R phu thuOc ham lirqrng sai (Mpa) 

thuoc loai spi 

0% 

j 2% 

5% 


RC-65/35-BN 

38.85 

39.60 

43.85 

38.10 

40.54 

42.39 

37.49 

40.31 

41.85 

Trung binh 

38.15 

40.15 

42.70 

Soi det, tron- 
chi^u dai 18mm 

38.85 

44.10 

45.29 

38.10 

43.86 

44.33 

37.49 

43.50 

46.62 

Trung binh 

38.15 

43.82 

45.41 



b) Nhom 7 ngay tuoi 
- So lieu thf nghiem 


Loai miu phu 
thuoc loai spi 

Cuong dp chiu nen R phu thuoc ham lupng spi (Mpa) 

0% 

2% 

5% 

R065/35-BN 

45.29 

51.46 

54.67 

47.07 


53.91 

46.00 

52.58 

53.20 

Trung binh 

46.12 

51.52 

53.93 

Spi det, tron- 
chieu dai 18mm 

45.29 

53.51 

57.33 

47.07 

53.24 

55.60 

46.00 

52.40 

56.67 

Trung binh 

46.12 

53.05 

56.53 
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% Trong ii/gng 

c) Nhom 28 ngay tuoi. 


- So lieu thi nghiem 


Loai m&u phu 

Cuong do chiu nen R phu thuoc ham luang soi (Mpa) 

thuOc loai sgi 

0% 

2% 

5% 


49.11 

54.93 

55.94 

RC-65/35-BN 

49.60 

54.26 

58.82 


51.56 

54.76 

57.50 



54.65 

57.42 

Soi det, trom- chi£u 
dai 18mm 

49.11 

57.64 

60.66 

49.60 

57.29 

63.63 

51.56 

58.22 

62.07 


50.09 

57.72 

62.12 


































3.83.2. Bieu do quart he giita citdng do chiu keo khi uon R ku va ham 
luffng CST theo nhom ngay tuoi 

a) Nhom 7 ngay tuoi 
- So lieu thf nghiem 


Loai mlu phu 

Circfng do chiu keo khi uon R ku phu thuoc ham lugng ;gi 

thuoc loai sgi 

0% 

2% 

5% 


46.13 

60.00 

73.33 

RC-65/35-BN 

43.33 

58.67 

76.00 


44.67 

56.00 


Trung binh 

44.71 

58.22 

73.78 

Soi det, tran- chieu 
dai 18mm 

46.13 

54.46 

66.40 

43.33 

54.74 

66.80 

44.67 

53.76 

68.53 

Trung binh 

44.71 

54.32 

67.24 



% Trong lurong 


h) Nhom 28 ngay tuoi 
- So lieu thf nghiem 


Loai mlu phu 
thuoc loai sgi 

Circmg do chiu keo khi uon R kll phu thuoc ham lugng s;i 

0% 

2% 

5% 

(1) 

(2) 

(3) 

(4) 

RC-65/35-BN 

_____ 

48.93 

68.93 

80.53 

46.67 

72.67 

84.40 

47.87 

67.33 

80.00 
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3.8.3.3. Bieu do quan he giua cu&ng do chiu nen R va ngay tuoi 



















3.9. SO LIEU THI NGHIEM NUOC NGOAl 

Nhieu tac gia nude ngoai da cong bd cac ket qua thi nghiem cua ho Sau 
d^y neu tom tat m6t so ket qua thi nghiem tham khao cua nude ngoai. 

3.9.1. Thi nghiem dam be tong cot sqi thep 

"Til nghiem duqc tien hanh tai University of Western Sydney - Austraia. 

3.9.1.1. Thi nghiem 

Cac nha nghien cuu tien hanh due 10 miu dam bang be tong cot sqi tiep. 

- Kich thude d^m: 150 x 150 x 550 (mmm) 

- Chieu dai tmh toan cua d^m: 1 = 450 mm 

- Thi nghidm duqc tien hanh theo tieu chudn ASTM C-1018 

- Mau thi nghiem duqc bao dudng vdi nhiet do 23°C, luon duqc git ^m 
trong thefi gian tdi thieu 60 ngay. 

- Loai sqi: thi nghiem sir dung 2 loai sqi 
4- Bekaert RC 80/65 

+ Bekaert RC 60/65 

- Ham luqng sqi 

+ Bekaert RC 80/65: 15 kg/m 3 
+ Bekaert RC 60/65: 20 kg/m 3 

3.9.1.2. Ket qua thi nghiem 


Ket qua thi nghiem 


Mau 

Tudi 

(ngay) 

M6dun pha 
huy (MPa) 

Cudng dd sau khi v£t nut 
md rong 

S6 luqnj sqi 
tr&n 

mat cu 

0.5 mm 
(MPa) 

3.0 mm 
(MPa) 

Bekaert RC 
80/65 
(15kg/m 3 ) 

A 

68 

5.85 

2.02 

1.62 

23.5) 

B 

68 

5.89 

2.88 

2.36 

31.5) 

C 

68 

5.41 

1.91 

1.94 

28.5) 

D 

68 

5.76 

2.49 

2.18 

25.5) 


68 

6.09 

2.60 

2.24 

22.0) 

Trung binh 


5.80 

2.38 

2.07 

26.2) 
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3.10. NHAN XET 


Viec bo sung spi thep vao trong be tong thong thubng co the thay doi tmh 
chat cua be tong dang ke khi chung anh hubng den tmh chat cua be tong ca 
khi con trang thai tuoi l^n trang thai ran. Dong gop chfnh cua cac spi thep la 
sir cai thien tfnh chat cua be tong dong ran. Tuy nhien, sir cai thien dat dupe 
khi sir dung cot soi thep da keo theo mot so cong viec bo sung khi xir lv no. 
Pham vi cai thien bbi viec them cot scfi lam thay doi tmh chat cua be tong bi 
anh hubng bbi kieu soi, dac trung hinh hoc cua soi, ham lirong spi va su dinh 
hubng spi trong be tong cung nhu bbi su lien ket giira nen be tong va cot spi. 


3.10.1. Kieu spi 


Trong thf nghiem tai Truong Dai hoc Giao Thong Van Tai da sir dung 2 
loai spi khac nhau: 


- RC-65/35-BN 

- Spi thing det 0.4 x 0.6 x 18 (mm) 

Doi vbi mau thur lap phuong dung loai spi RC-65/35-BN: 

- Cubng do chiu nen tang khong nhieu: 


Loai spi 

Kha nang tang cubng do nen (%) 

Mau 2% spi 

Mau 5% spi 

Loai spi RC-65/35-BN 

9.11 

14.64 

Loai spi tran-det-thing 

15.23 

24.02 


- Cubng do chiu keo khi uon tang dang ke: 


Loai spi 

Kha nang tang cubng do keo khi uon <%) 

Mau 2% spi 

Mau 5% spi 

Loai spi RC-65/35-BN 

45.63 

70.72 

Loai spi tran-det-thang 

22.40 

55.76 


3.10.2. Hinh dang spi 

De kiem chung tmh chat nay, de tai da sir dung hai loai spi khac nhau, ket 
qua thi nghiem da cho thay rang loai spi RC-65/35-BN, dupe be hai dau da 
phat huy tac dung dang ke khi vet nut xuat hien, ben canh do cubng do chiu 
keo khi uon cung tang dang ke. 


3.10.3. Co che pha huy spi 

Vbi hai loai spi dupe su dung, spi da pha huy vi spi bj cat dut, dieu nay 
chung to khi pha huy, mau thu phu thuoc hoan toan vao kha nang chiu keo 
cua cot spi. 
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3.10.4. Ham luqng sqi 

Trong thi nghiem, ap dung 2 thanh phan sgi thep 

- 50 kg/nr (2 % trong lirong, hay 0.66 % the tich) 

-125 kg/m' (5 % trong luqng, hay 1.65 % the tich) 

Tir ket qua thi nghiem, chung ta nhan thay rang: 

- Cudng do chiu nen cua be tong cot sqi thep phu thuoc vao ham luong 
spi, ham luong cang cao thi cuong do cang tang, tuy nhien, cuong do nen 
khong tang nhidu. Vi vay, de tang cuong do nen thi giai phap dung cot sqi 
thep chua phai la giai phap toi uu. 

- Cuong do chiu keo khi uon cua be tong cot sqi thep phu thuoc vao ham 
luong sqi va kie’u sqi, va ket qua thi nghiem cho thay ham luong sqi tang da 
lam tang kha nang chju keo khi uon cua mau thir. 

- Tuy nhien. neu ham luong cot sqi thep tang len, tinh cong tac cua be tong da 
bi anh huong dang k£, lam cho be tong kho tron hon va kho do hon. Tuy nhien, 
van de nay co the khac phuc bang each su dung loai phu gia tang deo manh hon. 


3.10.5. Vet nurt 

*» 

Anh huong quan trong nhat cua su ton tai cac sqi thep trong vat lieu nay 
la chung co the dieu khi6n qua trinh phat trie’n vet nut. 

Trong thi nghiem, mau doi chufng pha huy rat nhanh sau khi tai trong dat 
deii tri so gidi han, con doi vdi mau thir co cot sqi, vet nut hinh thanh cham, 
vet nut md rong tir tir va mau thu khong bi gay rdi. Dieu nay chung to cot sqi 
da phat huy kha nang lam viec cua chung dung nhu da neu d phdn ly thuyet. 

Trang thai sau pha huy cua be tong cung duqc cai thien mot each dang 
ke. Bien dang khi pha huy tang len tdi 10 lan doi vdi vat lieu nen thong 
thudng. Nhu vay se lam cho kha nang lam viec cua cau kien be tong cot sqi 
thep tang them dang ke. 


3.10.6. Ung suat uon 

So sanh giua mau thong thudng va mlu co cot sqi thep, khong giong be tong 
thong thudng, be tong cot sqi thep co kha nang chiu tot hon. Su pha huy ciia be 
tong thong thudng di6n ra rat dot ngot, tai trong be, trong khi do, su pha huy cua 
be tong cot sqi thep diln ra cham hon rat nhi6u, mau thir bi pha hoai tir tir. 

Trong thi nghiem nay, sir pha huy cua be tong cot sqi thep va cho thay su 
khac nhau giGa cac mau thir be tong cot sqi thep khac nhau ve ham luong sqi 
va kidu sqi. Vdi loai sqi thang, ket qua dat duqc kem hon so vdi loai sqi duqc 
be hai dau, va ham luong sqi tang cung lam tang dang ke kha nang chiu luc 
cung nhu tinh deo cua mau thir. 
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Churong 4 

CO SCI TINH TOAN KfiT CAU Bfi TONG 
COT SOITHEP 


Cac tmh chat cua be tong cdt sod thep phAn 1dm da dupe xac dinh tit cac kdt 
qua thi nghiem va cung da dupe chung minh bang li thuyet. Tuy nhidn, nhung 
quy tAc chung cho qua trinh tmh toan thiet kd vAn chua dupe thiet lap trong 
cac Tieu chuAn thiet ke xay dung. Ly do chmh la no khdng dom gian chi la 
viec lam thfch nghi nhung quy tAc hien huu giua viec gia cudng cot spi thep va 
be tong thong thudng. Nhung khai niem v6 be tong cdt spi thep phai dupe xem 
xet veri nhung khai nidm mod hoan toan. 

Qua trinh tang cudng cac spi thep vao be t6ng da lam cho bd tong u m£m 
deo” hon. Do do, khac cac vat lieu khac, mot so thi nghiem khong the xac 
dinh dupe gidi han pha huy. Trang thai sau pha huy cua ket cAu tuy thupc 
vao kieu spi, ham lupng spi va cong nghe tron be tong, vi vay khong the 
dinh ra mot quy tAc tong the cho qua trinh tmh toan. Horn nua, vAn de an 
toan can phai dupe xem xet nghiem tuc. 

Tir quan diem nay, cAn phai tranh su m^u thuAn vdi nhung Tieu chuAn 
hien huu cho den khi phat trien mot khai niem thiet ke chmh xac cho loai 
vat lieu nay. Tmh chAt cua be tong cot spi thep can phai dupe tmh den 
trong qua trinh tmh toan nhung vAn trong khuon kho tmh toan ket cAu be 
tong thong thufrng. 

Ldig suAt keo trong be tong da khong dupe chu y tori trong nhung ly thuyet 
chung ve trang thai chiu uon cua ket cAu be t6ng. Nhung trong trudng hop 
nay thi can phai dupe xem xet voi su co mat cua cac spi thep. Trong be tong 
cdt spi thep, ung suAt keo xuAt hien thAm chi 6 nhung viing nurt ne va kha 
nAng lam viec cua no phu thupc chu yeu vao kieu spi va ham lupng spi. Hinh 
4.1 la cac dang bieu do ung suAt keo trong miu thi nghiem, trong do, hinh 
4.1c mo ta bieu do ung suAt cua mAu thi nghiem su dung be tong cdt spi 
thuy tinh vdd ham lupng spi cue dai va cucmg dp chiu keo d thd chiu keo vAn 
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con lam viec sau khi vet nut hinh thanh. Nhimg m&u thi nghiem tren hinh 
4. Id, e, f bieu di£n ling suat cua cac loai sgi thep. 



Mat cat tie't difin Bien dang Bi£u d<5 phan b<5 lifng su& 


Hinh 4.1: Bieu do phan bo ting suat khi nut 
(ren mat cat ngang cm be tong cot sai thep 

Nhir v£iy chung ta thay ding co thd ap dung nguydn ly th6ng thuong tinh 
loan cau kien be t6ng de tinh toan cho be tong cot sgi thep. Tuy nhien, hi6u 
ting lam viec cua sgi thep can dirge tinh den trong qua trinh tinh toan bang 
each sir dung cubng do thiet ke cao hon va co xet den van de tang kha 
namg chiu bien dang. 

Trong tat ca cac truong hgp kho co the xac dinh chinh xac irng suat vi no 
bi gidi han bien dang va phu thuoc vao bien dang, chinh vi vay trong thiet ke 
can phai tinh den va'n de ve nut. 

Van de chong an mon cung phai dugc xem xet den trong qua trinh tinh 
toain vi ket cau se bi pha huy neu cot sgi bi an mon do nhieu nguyen nhan 
th6ng qua cac dudng vet nut. 

4.1. KHAl NIEM THIET KE TONG QUAN 

Tir nhimg nam 1960, hang loat thi nghiem da dugc tien hanh nhu cac thi 
ngihiem keo, thi nghiem ep che, thi nghiem uon va thi nghiem nen, vdi mot 
rnuic tieu de giai thich va mo ta chinh xac ca che lam viec cua vat lieu nay, 
dac biet doi vdi sir tuong tac giua sgi va nen be tong. Vdi nhung thi nghiem 
da tien hanh, cac nha nghien cuu da dua ra cac nhan xet quan trong, nhat la 
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doi vcri trang thai pha huy va kha nang chiu tai cua vat lieu, va co hai van de 
chinh nhu sau: 

4.1.1. Khai niem ve khong gian 

Khai niem khong gian dua vao tien de la cac spi thep lam cham trb sir mo 
rong vet nut vi mo dubi tac dung utig suat va nhu vay cai thien kha nang 
chiu luc cua vat lieu. Vat lieu dupe coi nhu mot phan tu, kha nang lam viec 
cua spi cung chinh la kha nang lam viec cua toan bo vat lieu. 

Mo hinh nay la mo hlnh co cau pha huy cua vat lieu xet den tinh khong 
lien tuc cua vat lieu, dupe phat trien bcfi Griffith vao 1921. Y tuong co ban 
cua mo hinh nay la tai trong tac dung den nhung "diem yeu" trong vat lieu, 
gay nen su tap trung ung suat va din toi su hinh thanh vet nut va cuoi cung 
la su pha huy vat lieu. 

Romualdi va Batson da su dung mo minh nay va mo ta trang thai co hoc 
cua be tong cot spi thep vao nam 1961. Ngoai co cau pha huy cua Griffith, 
ho cung ap dung mot so nguyen li lien ket trong vimg lan can vet nut, mo'i 
quan he phi tuyen giua nut va tai trong moi dupe tinh den mbi quan he umg 
suat - bien dang. 

Griffith da dua ra khai niem ve nang lupng va nang lupng bien dang trong 
mo hinh tinh toan cua ong. Ty le nang lupng tbi han G dupe Romualdi va 
Batson bo sung he so K h duoc mo ta trong phuong trinh sau: 

o.Mi 


Trong do: 

G: nang lupng tbi han [N/mm] 

E: mb dun dan hoi [N/mm 2 ] 

K,: he so ung suat tbi han [N/mm' 2/2 ] 

Bieu thuc chung doi vbi ung suat chong nut cua vat lieu gion: 

K, 


CT cr = 


S 


+ o“).a 


Trong do: o cr : ung suat nut tbi han 

K,: he so ung suat tbi han [N / mm' ,/2 ] 
v: he so Poisson 
a: ban kinh nut [mm] 
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He so ung suat tdi han chn phai dugc giai thich nhu mot dac tinh cua vat 
lieu. Viec gia cudng sgi trong nen be tong da dirge tinh den trong mo hinh 
co cau pha buy bang viec nang ung suat tdi ban khi tmh toan thong qua viec 
dim vao cong thuc he so K,. Bien dang tai vet nurt dugc giam bdt bdi su co 
mat cua sgi trong vung nay. Bidu thuc chung a tren co thd ap dung trong 
trudng hgp sgi ngdn, phan tan khong gian va nhung sgi khong dinh hudng. 


4.1.2. Khai mem Composite 

Trong khai niem composite, hay "Co cau vat lieu composite", be tong cot 
sgi thep dugc xem xet nhu mot vat lieu composite gom co hai thanh phan (be 
tong va cac sgi thep). Cac sgi thep dugc coi nhu su tang cuofng phan tan. M<5i 
thanh phan chiu mot ty le nhat dinh tai trong, phu thuoc vao ti le cua chung 
doi voi toan bo the tich va sudong chat. Do dai, su dinh hudng cua sgi va su 
lien kel giua nhung nen be tong va sgi co mot vai tro quan trong trong mo 
hinh nay. 

Ling suat trong viing dan hoi co the dugc mo ta nhu sau: 

CT m V m +T l., a r V f 

Va ung suat nut khi plui huy: 


a cr=Cr m V m +T l(p r l|E | e r nu V f 


Trong do: 

a c : ung suat cua vat lieu composite trong vung dan hoi tuyen tfnh 
o a : ung suat tdi han cua vat lieu composite 
<7 m : ung suat cua be tong 
a mu : urng suat moi cua be tong 
o ung suat cua cot sgi thep 
V m : the tich cua be tong 
V,: the tich cua cot sgi thep 
E r : mo dun dan hoi cua cot sgi thep 
e mu : bien dang vet nut cua be tong 
i] 0 : he so dinh hudng cua cot sgi 
? 7 } : he so anh hudng cua chieu dai cot sgi 

Su hinh thanh vet nut trong nen vat lieu khi chiu tai chi do cot sgi chiu. 
ling suat moi cua vat lieu composite dugc mo ta bhng cong thuc sau: 
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Pa. =2%ilia' l T m V t . 


Trong do: 

j3 cu : cuong do moi cua vat lieu composite 
o w : ung suat nut ciia vat lieu composite 
a: 1/2 be fo&g vet nut 

r m : ung suat lien ket cua vat lieu composite 


4.1.3. Ung dung 

Nhung khai niem ve co cau pha huy da dupe sua doi cho be tong cot spi 
thep tren co so cac ket qua thuc nghiem. Mo hinh co cau mo ta trong ph^n 
truoc co the dupe su dung lam co so cho nhung sir phat bieu ve trang thai 
cua be tong cot spi thep khi chiu tai, ve cuong do be tong, ve kieu va th6 tich 
spi. Cac dac tinh cua vat lieu cung la co so cho tinh toan va thiet ke, tuy 
nhien, chung phai cung dupe chung minh b^ng cong tac thuc nghiem. 

4.2. VI DU THIET KE 


Ban be tong cot spi thep ke hai canh 

So do tmh toan 



4.2.1. Gia thiet tinh toan 

De don gian trong qua trinh tmh toan, cac nha nghien curu da dua ra cue 
gia thiet sau: 

a) Gia thiet Bernoulli. 

b) Do dai spi chua tdi han (Ki6u spi: DRAMIX ZCX 60/80). 

c) Ung suat khoi trong khu vuc nen dupe gia thiet nhu vat lieu hoan toan 
dan hoi. 

d) Ung suat keo dupe ap dung nhu ufng suat khoi. 
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e) I linh dang sgi va sir dinh hudng sgi khac nhau 6’ khu virc ben trong va 
khu virc gan ben ngoai be mat cau kien dirge tfnh den trong qua trinh tfnh 
toan thong qua cac he so. 


a b - 0.75p W 28 





Hinh 4.3: Don gidn hba phdn phoi ting suat cua mot 
mat cat thdng gdc su citing be tong cot sp'i thep 6 trang that pha buy 

4.2.2. Xac djnh kha nang chiu tai 

De dinh ra tai trong, tai trong moi, trong vi du nay su dung loai be tong 
B30. Loai be tong nay sir dung ham hrgng sgi thep 90 Kg/m\ loai sgi 
DRAMIX ZCX 60/80 cua hang Bekaert. De xac dinh cudng do keo cua be 
tong cot s(;i thep, ngubi ta tien hanh khoan mot so mhu thu roi tien hanh xac 
dinh thong qua thuc nghiem. Su dinh huong sgi dirge tfnh den trong qua 
trinh tfnh toan bang he so dinh hubng: 

ZhcpiA, 


Be 


A 


0.71(2x7x6)+ 0.42(7x37) 
7x49 


= 0.49 


Cubng do keo khi pha huy xac dinh bring thuc nghiem 6 vung bien cua 
mat cat (q (p = 0.42): crjj = 3.41 

Cubng do keo trung binh tai mat cat If thuyet cua tarn ban: 


_ 0 4Q 

a‘f b ’ = 3.41 = 3.98 (N/mm 2 ) 


0.42 


Vi trf true trong tarn: 


y 0 =d- 


<j 


U) 

ib 


3.98 


0.75p W2s + o, b 
Canh tay don noi luc: 


V.) 


0.7530 + 3.98 


= 1.05 (cm) 
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q - d - 0.5 x 0.9 (d - y 0 ) - 0.5 0.9 y n - 0.55d - 0.05y o 
Phtrcmg trinh can bang momen 
M*= Z.q 

= 0.9 (d - y () ).b.a (/> lv (0.55 d - 0.05 y 0 ) 

= 0.9 x (7.0 - 1.05) 49 x 0.398 x (0.55 x 7.0 - 0.05 x 1.05) 
= 395.6 [kNm] 


Kha nang chiu tai gidi han cua tarn ban: 

M* 395.6 


F = 

A max 


11.75 11.75 


- 33.7 [kN] 


Mot so ket qua khac bieu didn trong bang sau: 


Loai be tong 
cot sqi thep 

Klch thuoc hmh 
hoc cua ban be 
tong cot sqi thep 
B 6 rong/chidu day 
[cm/m] 

Luc 

gay 

nut 

[kN] 

Luc gay 
nut trung 
binh 

[kN] 

Luc gay 
moi 

[kN] 

Luc 

gay moi 
trung 
binh 

[kN] 

Loai be 
tong 

Trong 

luqng 

[kg] 

SFB I (7)/l 

49.0/7.3 

33.0 


38.2 



67.30 

SFB I (7)/2 


21.5 


26.3 


B 400 


SFB I (7)/3 

48.9/7.3 

29.0 

27.92 

35.9 

32.95 


66.45 

SFB II (7)/l 

48.9/7.2 

30.0 


37.3 



61.75 

SFB II {l)/2 

49.0/7.2 



33.1 

/ : ;f 



SFB 11 (7)/3 

492/ 7.2 

25.0 


26.9 



63.18 
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BE TONG COT SOI THEP 

• 


(Tai ban) 

Chiu track nhicm xud't ban : 


TRINH XUAN SON 

Bien tap: 

NGUYEN THU DUNG 

Che ban: 

DINH THI PHUONG 

Situ ban in: 

NGUYfeN THU DUNG 

Trinh bay bia. 

HS. NGUYfiN HUU TUNG 



